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" Once he had to interrupt his 
radio communication to fish 
for a loose washer that was 
floating around his cabin”* 


It’s the little design details that may result in the difference between a 
successful mission or . . . irritation, frustration or worse, disaster. 
Eliminate loose washers. The Kaylock HW14 series “Captive Washer” nuts 
were designed to eliminate the possibility of loose washers being dropped 
and forgotten... with the resultant possibility of malfunction of mechanical 
equipment or short circuits. 

Write for the HW14 brochure or contact your Kaylock representative. 
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KAYNAR MFC. CO.. INC.. KAYLOCK DIVISION . Box 2001, Terminal 


UNITEC : worldwide experience . . . 
worldwide capability ...in the erection 
Of ANTENNAS, RADOMES, TOWE 


RECENTLY COMPLETED UNITEC 
PROJECTS INCLUDE 

• Large antenna installations in the 
U.S. and the Pacific Islands. 

• Erection of an 80-Joot air-supported 
radome, a 140-Joot rigid radome, 
and a number of smaller rigid and 
space frame radomes . . . at U.S. and 





Ultra-reliable voice link 
between astronauts and ground: 
15" cable insulated with TEFLON 


In all Projcci Mercury flights, oral communication between 
the astronaut and ground tracking stations depends among 
other things on a lil'ieen-inch-long, highly flexible multi- 
conductor cable linking the helmet with the spacecraft's 
communications system. The reliability of this cable depends 
to a large extent on the electrical and mechanical proper- 
ties of primary insulation and tape jacket of Du Pont 
Teflon TFE-fluoroearbon resins. Ten mils of TFE primary 
insulation are used on each conductor, and TFE tape is 
used over the shields of two of the twisted pairs. (See photo 
at left, above.) 

Electrically, the superior insulating properties of Teflon 
are essential to minimum cross-talk and power loss. Me- 


chanically. the very low coefficient of friction of Teflon, 
coupled with good abrasion resistance and miniaturization 
potential, help provide extreme flexibility— a must for this 
application. The high-temperature resistance of the primary 
insulation also makes possible the use of an extremely 
pliant sheath of silicone rubber, which requires high curing 
temperatures. 

If operational reliability is important in your wire and 
cable applications— and isn't it always?— consider the ad- 
vantages of Teflon for insulation. Write to: E. I. du Pont 
de Nemours & Co. (Inc.), Div. AW-I-28-63TE. Room 2526, 
Nemours Bldg.. Wilmington 98, Delaware. In Camilla: 
Du Pont of Canada Ltd., P.O. Box 660, Montreal, Quebec. 


<mm> TEFLON 

, . ... „. FLUOROCARBON RESINS 


Tfii.os Is Du Pom’s registered trademark for its family of 
fluorocarbon resins, fibers and films, including TFE I tetrafiuoro~ 
ethylene ) resins and FEP Ifiuorinated ethylene propylene) resins. 


AEROSPACE CALENDAR 


Feb. 5-6— Symposium on Engineering for 
Major Scientific Programs, Georgia Insti- 
tute of Technology, Atlanta, Ga. 

Feb. 5-7— Advances in Metalworking Semi- 
nar, American Society of Tool and Manu- 
facturing Engineers, Park Sheraton Hotel. 
New York. N. Y. 

Feb. 6-7— 59th Meeting, National Aerospace 
Standards Committee of the Aerospace 
Industries Assn., Ambassador Hotel, Los 
Angeles, Calif. 

Feb. 11-15— Third International Symposium 
on Quantum Electronics, UNESCO 
Building, Paris, France. Sponsors: Inter- 
national Scientific Radio Union; Office of 
Nasal Research; La Federation Nationnle 
Des Industries Electroniques. 

Feb. 12-13— Space Vehicle Thermal and At- 
mosphere Control Symposium, conducted 
by the Aeronautical Systems Division, 
Engineers Club, Dayton, Ohio. Sponsor: 
ASD's Flight Accessories Laboratory. 

Feb. 15-Apr. M— International Aeronautics 
and Space Fair, Congresses and Compe- 
titions, Ibirapuera Park, Sao Paulo, Bra- 
zil. Sponsor: Santos Dumont Foundation. 

Feb. 20-22—1963 International Solid-State 
Circuits Conference, Philadelphia, Pa. 
Sponsors: Institute of Electrical and Elec- 
tronics Engineers; University of Pcnnsyl- 

Fcb. 21-22— Western Region Conference. 
American Society for Quality Control, 
Flamingo Hotel, Las Vegas, Ncv. 

Feb. 26-Mar. 1— 19th Annual Technical 
Conference, Society of Plastics Engineers. 
Statlcr Hilton Hotel, Los Angeles, Calif, 
(Continued on page 7) 



EXPERIENCE: More RECONOFAX® systems 

have been delivered than have all other infrared 
surveillance systems combined. 
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Say , " Ahhhh!’ ' 


Be "Ansco-sure". . . Aircraft radiography demands Ansco SuperayH-D ® 
—the first, ultra-fine-grain American X-ray film for pinpointing the smallest 
manufacturing defects or stress fatigue. Besides its critical definition, this 
film’s high contrast records more minute details— which would only show 
up marginally on conventional films. 

For radiography— it's Ansco best by definition 

Ansco— America’s first manufacturer of photographic materials . . . since 1842 


Ansco 


X-RAY FILM 
CHEMICALS 
SERVICE 


AEROSPACE CALENDAR 


(Continued from page 5) 

Mat. 3-7— Seventh Annual Hydraulics, Gas 
Turbine, Aviation and Space Meeting, 
American Society of Mechanical Engi- 
neers, Statlcr Hilton Hotel, Los Angeles. 

Mar. 6-7-Disc File Symposium, Hollywood 
Thunderbird Inn, Hollywood, Calif. Spon- 
sor: Informatics, Inc. 

Mar. 6-8— Annual Meeting, American Ord- 
nance Assn.'s Packaging Division, Brook- 
ley AFB, Ala. Host: Air Force Packaging 
Laboratories, Mobile Air Materiel Area. 

Mar. 7-8-Propulsion Meeting. IAS/NASA, 
Cleveland, Ohio. 

Mar. 11-13— Electric Propulsion Conference, 
American Rocket Society. Broadmoor 
Hotel, Colorado Springs, Colo. 

Mar. 15-16— Pacific Computer Conference, 
Institute of Electronic and Electrical En- 
gineers, California Institute of Technol- 
ogy, Pasadena, Calif. 

Mar. 18-20— Space Flight Testing Confer- 
ence, American Rocket Society and Insti- 
tute of the Aerospace Sciences, Cocoa 
Beach, Fla. 

Mar. 18-21-1963 Western Metal Exposi- 
tion and Congress, Pan-Pacific Audito- 
rium and Ambassador Hotel, Los An- 

Man” 8-22— Spring National Convention. 
Society for Nondestructive Testing. Am- 
bassador Hotel, Los Angeles. Calif. 

Mar. 19-21— Second Air Force-sponsored 
Symposium on Bionics, Biltmore Hotel, 
Dayton. Ohio. 

Mar. 25-28— International Convention. Insti- 
tute of Electrical and Electronics Engi- 
neers, Waldorf-Astoria and Coliseum, 
New York, N. Y. 

Mar. 28-29— Fifth International Symposium 
on Electron Beam Technology. Hotel 
Sheraton Plaza, Cambridge. Mass. Spon- 
sor: Alloyd Electronics Corp. 

Apr. 1-3— Launch and Space Vehicle Shell 
Structures Conference, American Insti- 
tute of Aeronautics and Astronautics. El 
Mirador Hotel, Palm Springs, Calif. 

Apr. 2-3— Eighth Annual Business Aircraft 
Safety Seminar, Flight Safety Founda- 
tion, Barbizon Plaza, New York, N. Y. 

Apr. 2-5— Spring Conference, Airport Oper- 
ators Council, Shoreham Hotel, Washing- 
ton, D. C. 

Apr. 10-11— Fourth Symposium on Engi- 
neering Aspects of Magnetohydrody- 
namics, University of California, Berkeley. 

Apr. 16-18— Optical Masers Symposium. 
United Engineering Center, New York, 
N. Y. Sponsors: Polytechnic Institute of 
Brooklyn; Institute of Electrical and Elec- 
tronics Engineers; American Optical So- 
ciety; Armed Services. 

Apr. 17-19— Annual Technical Meeting and 
Equipment Exposition. Institute of En- 
vironmental Sciences, Statlcr Hilton Ho- 
tel, Los Angeles, Calif. 

Apr. 17-19— International Nonlinear Mag- 
netics (INTERMAG) Conference. Insti- 
tute of Electrical and Electronics Engi- 
neers. Shoreham Hotel, Washington. 

Apr. 17-19— Southwestern Conference and 
Electronic Show, Institute of Electrical 
and Electronics Engineers, Dallas Me- 
morial Auditorium, Dallas, Tex. 

Apr. 17-19-Technical Meeting: Nuclear 
Materials for Space Applications, Ameri- 
(Continucd on page 9) 



PROBLEMATICAL RECREATIONS 155 



Dr. Irving Weiman, who is always in a hurry, walks up an up- 
going escalator at the rate of one step per second. Twenty steps 
bring him to the top. Next day he goes up at two steps per second, 
reaching the top in 32 steps. How many steps are there in the 
escalator? _ Contributed 

The mounting of miniature components without soldering or weld- 
ing is possible with a new line of miniature printed circuit con- 
nectors from our USECO Division trademarked “UNIJAK!' They 
provide for repeated interchange of components without damage 
to lead, component, or connector. Get the facts on these gold- 
plated brass UNIJAK connectors from U.S. Engineering Co., 
13536 Saticoy St., Van Nuys, California. 
answer to last week's problem: The river flowed at 3 miles 
per hour. 

rn litton |ndustr|es > ,nc - 

LQ Beverly Hills, California 
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CORRECTION POWER BY EEMCO 


In the final stage of powered flight, when the last guidance cor- 
rections put the warhead on target, a new electric motor from 
EEMCO will provide positive power for course adjustment. 
Representing the highest point of electric motor technology, the 
D 1463 motor combines light-weight with big-output. It has been 
designed to meet or surpass military specification tests for vibra- 
tion and shock while operating, and is equipped with filter to 
avoid RF interference. For further information on EEMCO- 
developed state-of-the-art motors, actuators, and starter- 
generators, write or call the EEMCO Division of Electronic 
Specialty Co. at the address below. 



ELECTRONIC SPECIALTY CO., Eemco Division • 4612 W. Jefferson Blvd.. 


AEROSPACE CALENDAR 

(Continued from page 7) 
can Nuclear Society, Netherland Hilton 
Hotel. Cincinnati. Ohio. 

Apr. 22-23-Annual Meeting, National 
Aeronautical Services Assn., Washing- 
ton, D. C. 

Apr. 22-24— Second Manned Space Flight 
Symposium, Institute of the Aerospace 
Sciences in cooperation with NASA and 
AFSC, Dallas, Tex. 

Apr. 22-24— Third Annual San Diego Sym- 
posium for Biomedical Engineering, Del 
Webb's Oceanhouse, San Diego. Calif. 

Apr. 23-25— Hypersonic Ramjets Confer- 
ence. American Rocket Society and Amer- 
ican Society of Mechanical’ Engineers, 
Naval Ordnance Laboratorv. White Oak, 
Md. 

Apr. 29-30-1963 Spring Meeting. Western 
States Section/The Combustion Institute, 
Vacation Village Motel, San Diego, Calif. 
Sponsor: General Dynamics/ Astronautics. 

Apr. 29-May 2-22nd Annual National Con- 
ference. Society of Aeronautical Weight 
Engineers, Sheraton-Jefferson Hotel, St. 
Louis, Mo. 

Apr. 29-May 3— Annual Conference, Society 
of Photographic Scientists and Engineers, 
Ambassador Hotel, Atlantic City. N.J. 
Cosponsor: Armv Research Office. 

May 1-3— 19th Annual National Forum, 
American Helicopter Society. Sheraton 
Park Hotel, Washington, D.C. 

May 2— Bioastronautics Conference, Amcri- 
cam Rocket Society and Aerospace Medi- 
cal Assn., Los Angeles, Calif. 

May 2-3— Fourth National Symposium on 
Human Factors in Electronics. Institute 
of Electrical and Electrr 
Marriott Twin Bridges h 
ton. D. C. 

May 5-8-1963 Annual Conference. Ameri- 
can Assn, of Airport Executives, Call 
Ocean Mile, Beach Club and Coral Ridge 
Hotels. Fort Lauderdale, Fla. 

May 6-8— Aerospace Reliability and Main- 
tainability Meeting, IAS/ASME/SAE, 
Washington. D. C. 

May 7-9— Electronic Components Confer- 
ence. Institute of Electrical and Electron- 
ics Engineers. Marriott Twin Bridges Mo- 
tel. Washington. 

Mav 13-15— National Aerospace Electronics 
Conference. Institute of Electrical and 
Electronics Engineers-Institute of the 
Aerospace Sciences, Davton, Ohio. 

May 1 5-17— Connecticut General Flight 
Forum’s Second National Symposium on 
Air Transportation, Hartford, Conn. 

May 20-22-National Symposium on Micro- 
nave Theory and Techniques, Institute 
of Electrical and Electronics Engineers, 
Miramar Hotel, Santa Monica, Calif. 

May 20-22— National Telemetering Confer- 
ence, Hilton Hotel, Albuquerque, N. M. 

May 21-23— Spring Joint Computer Confer- 
ence, American Federation of Informa- 
tion Processing Societies, Cobo Hall, 
Detroit, Mich. 

May 27-28— Seventh National Conference 
on Product Engineering & Production, 
Institute of Electrical and Electronics En- 
gineers, Continental Hotel, Cambridge, 
Mass. 






A-OK 


WESTON INSTRUMENTS 

Division of Daystrom, incorporated, Newark 14, New Jersey 
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CRC microwave refractometer increases 
accuracy of radar tracking systems 


...this is how: O tracking station @ airbornt 
microwave refractometer taking refractive index meas 
urements 0 profile of the refractive index of the 
atmosphere Q atmospheric duct resulting from a 
marked change in refractive index Q ap 
parent radar beam Q actual radar bean 
bent by variations in propagation velocit 
above, below and through the atmospheri 
duct 0 apparent missile position Q at 
tual missile position, determined by correc 
ing, with refractometer readings, errors caused by the 
variations in propagation velocity. 


The Colorado fi 


earch al 


o provide the precis 
is type of applicatio: 


te microwave refracto- 
neasurements required 


ut accuracy is only part of the story. The CRC instr 
ent is completely transistorized. It has been designs 
operate unattended except for periodic verificatic 
the basic instrument calibration. 


tput 


P'S 


■itable 


puter and n 


rder input. Reliability and 
ity (± IN unit for a 30-day 
period) have been demonstrated by many 
thousands of hours of operation in both 
ground-based and airborne installations. 


For complete specifications and application details, 
iddress Manager of Marketing, Colorado Research 
Company, Broomfield, Colorado. 
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n of Bell & Goal 


t Company 



Out and Back.U SAF's X-20 Dyna-Soar will be captured on re-entry and precisely guided to touchdown by 
a Sperry microwave aerospace terminal control system. Q NASA's moon-bound Apollo will receive continuous 
on-course data through tiny Sperry inertial devices, part of the MIT- designed guidance sub-system. DAlso for 
NASA. Sperry is studying which jobs man and instruments can do best in space-launch 
vehicles; supplying long-life spectrometers for satellites to measure the gaseous compo- 
sition of space. □ A Lunar Navigation Grid System — lunar surface-sampling and return 
systems — laser-Doppler space rendezvous radar — interplanetary navigation-spacecraft 
stabilization and control — are a few longer-ranged Sperry studies. □ Sperry scientific, divisions of 
management and production skills are teamed for space. General Offices: Great Neck, N.Y. corporation 




IT'S NEW, IT'S BIG 
IT'S A GREAT AIRPLANE 


THE NEW GRAND COMMANDER, largest piston powered airplane ever built by 
Aero Commander, Inc., meets the needs of management men who want big 

mobility. Deliveries of the GRAND COMMANDER will begin in April 1 963. Get 
big executive transportation at the biggest bargain in business aircroft! See your 
nearest Aero Commander Distributor for complete information! 






Our AC brushless generators are available in models to suit any 
aerospace or ground application, and they have one big advantage. 



This. 


We have a complete line rated from 10 to 75 KVA. Each is a flawless piece of equipment. Each has 
inherent reliability. Each provides superior performance under all conditions. Each is covered in a free 
brochure, "The Inside Story on Bendix Brushless AC Generators." Send for it. Write us at General 
Products, Red Bank Division, The Bendix Corporation, Eatontown, New Jersey. 


Red Bank Division 
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What’s in it for you? 

Just this. This Leach Balanced Armature Relay withstands 2000 
foot lbs. of shock loading and 30 G’s to 2000 cps vibration to meet 
MM-S-901B for equipment-mounted components. How? First, 
the standard relay has a dynamically balanced armature that pro- 
vides equalization of the mass to stabilize the contact structure. 
Next, exclusive buffer blades are added to provide additional 
stability to the stationary contacts. Finally, the internal mecha- 
nism is tied down tight to the enclosure. 

But shock and vibration resistance may not be your main aim. 
Maybe you're looking for minimum voltage spike generation, or 
radiation resistance, or extended life at maximum rated current, 
or other special features. This Leach Balanced Armature Relay or 
one like it will end your search. So stop looking. Start asking 
Leach for the answers. | ^ ■ #% | | CORPORATION 


LEACH 


18435 Susana Road, Compton, California • Export: Leach .International S. A. 
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your 
finest source. 
for specialized steels' 
of guaranteed 
quality 
and exceptional 
performance 


MELT, AIR MELT, 
HIGH SPEED, 

ULTRA HIGH STRENGTH 

For the specialized steels that are taking 
tomorrow’s products off the drawing boards and 
into ever more exacting areas of performance— come 
to Vanadium-Alloys! Vacuum melted or air melted 
grades, each in a single quality: FIRST. 

Tell us your requirements. 


VANADIUM-ALLOYS STEEL COMPANY 

LATROBE, PENNSYLVANIA 

DIVISIONS: Anchor Drawn Steel Co. • Colonial Steel Co. • Metal Forming Corporation . Pittsburgh Tool Steel Wire Co. 
SUBSIDIARIES: Vanadium-Alloys Steel Canada Limited • Vanadium-Alloys Steel Societa Italians Per Azioni 
EUROPEAN ASSOCIATES: Societe Commentryenne Des Aciers Fins Vanadium-Alloys (France) • Nazionale Cogne Societa Italiana (Italy) 
* MADE IN U.S.A. BY AMERICAN WORKMEN 






UNITED CONTROL is here . . . with a control programmer in production to move the Navy’s 
Polaris A-3 missile through its critical propulsion phases . . . and with a programming capability to 
assure the successful launch of any missile against a distant threat to world peace. For the Polaris A-3, 
United Control teamed with its subsidiary, Pa lomar Scientific Corporation, to design and manufacture 
a compact sequencing package employing various complex instruments. Despite the complicated 
nature of this programmer, United Control has met or exceeded the stringent design and reliability 
specifications characteristic of the Polaris project. □ Here, as in the hundreds of control systems 
made by United Control, reliability is the key. For aid in solving the many intricacies of flight and pro- 
pulsion, environmental and temperature controls, or sophisticated accessory systems and components, 
call United Control Corporation: serving the aerospace industry. . . where reliability counts! 





A world of CUSTOM COATING SERVICE 
for the "hot” wear problems of aerospace! 


A new era of high temperature and wear resistance for 
airborne working surfaces has been “orbited” by LINDE’s 
Complete Custom Coating Service! 

Every coating facility— from metallurgical research 
through development, production, and testing— is avail- 
able for the application of coatings of tungsten carbide, 
aluminum oxides, and pure metals to provide top thermal 
resistance and optimum service life. 

LINDE— the “one-slop" coating source— evalu- 
ates and specifies the right material and coating 
thickness, the right coating process — utilizing 
either LINDE’s Flame-Plating "detonation gun” 
technique, or Plasma-Plating with its operating 
temperatures ranging up to 30,000° F. 

. With the industry’s widest experience in metal- 
lic coatings, LINDE’s Complete Custom Coating 
FLAME-PLATING: TOMORROWS COATINGS. 



Service has the answer to your “hot” wear problems— re- 
gardless of the basic material, size, or configuration of 
the piece involved. If the answer isn’t on our shelf —we’ll 
research to get it! 

Many of today’s important aerospace parts have suc- 
cessfully used Flame-Plated coatings— such as the com- 
bustion chamber of the Agena satellite rocket engine, 
aircraft valves, compressor blades, turbine engine 
seals, rocker arms, and many others. For many 
industrial parts, LINDE’s “prescription” coatings 
have increased service life as much as 40 times! 

Write for full information today — to Flame 
Plating Dept., Linde Company, Division of Union 
Carbide Corporation, 1245 Main St., Indianapolis 
24, Ind. In Canada: Union Carbide Canada Lim- 
ited, Linde Gases Division, Toronto 12. 

.FOR TODAYS WEAR PROBLEMS 
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An example of our 
capability is shown here 
in the manufacture 
of lightweight close 
tolerance satellites and 
instrument cans. 
B & P has made 
satellites for several 
space projects. 


Write today 


36 page illustrated 
booklet entitled, 
“Countdown". 


you get an 'extra’ at b&p 

At B & P that "extra” is found in 
our capability and experience 
in the design, fabrication and 
assembly of lightweight and 
space age metal products. 

May we have the opportunity 
to work with you? 


BROOKS 


PERKINS 
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SCHOOL OF 

HARD 

KNOCKS 

...with unparalleled success. Note well the achievements of 
the Army and Southern Airways professionals at Camp Wolters, Texas, 
largest helicopter operation in the world. Here, at the U.S. Army Primary 
Helicopter School, 518,000 flight hours have been logged on its Hiller 
fleet since 1956 and new standards of maintenance, safety and aircraft 
availability are established and surpassed with enviable regularity. Ex- 
amples: 73% aircraft availability, compared with an overall military 
average of 55%. Safety record superior to average despite student pilots. 
1,400,000 student touchdown autorotations; 36,119 in just one recent 
month, assuring that Camp Wolter’s 4,600 pilots graduated to date are 
the world’s most capable, fully prepared for field operations. 


These records are the product of a 3-element team— the Army, civilian 
professionals and some 200 Hiller OH-23 helicopters. As Camp Wolters 
instructors will testify, primary trainers take many hard knocks every 
day. They must be tough, safe, dependable and available at minimum 
cost commensurate with the mission. 


Hillers are. 


HILLERS 


AIRCRAFT COMPANY 
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View From 

Initial congressional reaction to the postwar record 
aerospace budget for Fiscal 1964 submitted earlier this 
month by President Kennedy (AW Jan. 21. pp. 26-31) 
indicates that it will face tough sledding in its tortuous 
progress through the legislative mill. Tire combination 
of the huge federal budget and pleas for major tax reduc- 
tions that will produce a record federal deficit is just too 
much for many orthodox economists to swallow, regard- 
less of political affiliation. 

The federal budget will be cut. Since defense and space 
exploration items account for more than half of the total 
federal budget request, it is inevitable that they will be 
subject to some selective pruning. 

The space budget will get its most critical look from 
Congress since National Aeronautics and Space Admin- 
istration was organized in 1958. Ironically, while Con- 
gress will be looking at the $5.7-bil|ion NASA budget 
request to see where it can be pared without impeding 
the top priority Apollo lunar landing mission, it also will 
be scrutinizing the SI .6-billion military space budget to 
determine whether it really should be increased. As has 
happened so often in the past five years, the shape of this 
debate will be heavily influenced by what the Russians 
do. We predict that before the Fiscal 1964 space budget 
debate has mil its course, another major Soviet manned 
space flight will have occurred to upset all current calcu- 
lations on how this race is running. 

Keener Congressional Scrutiny 

Congress has had an extremely sympathetic car for 
space fund requests since Sputnik 1. But this year it 
will take a much more realistic look at both the NASA 
and military space programs. The hearings of a sub- 
committee of the House space committee, headed by 
Rep. Joseph Karth (D.-Minn.). on Centaur last year 
provided Congress with a surprising view of the early 
NASA management pattern and led to some badly 
needed reforms in this vital program’s management. 
The pattern of the Karth subcommittee’s Centaur 
inquiry should be repeated in several major provinces 
of the NASA empire during this session of Congress. 
In addition to the probe into the Apollo lunar orbital 
rendezvous decision (see p. 30) already planned bv Rep. 
Olin Teague (D.-Tex.) there will probably be an 
examination of the management of NASA’s space 
sciences program. Here the vastly different records of 
the Jet Propulsion Laboratory and the Goddard Space 
Flight Center should merit keen analysis. 

Many of NASA’s management troubles arc inevitable 


January 28, 


Capitol Hill 

in any organization that mushrooms as fast as the space 
agency has during the past two years. But this is a good 
year to take an analytical look at the way some of its kev 
programs arc moving to insure that clumsy and overly 
expensive management techniques do not impede max- 
imum progress toward the technical goals that hare 
solid public and congressional support. In the past, the 
House space committee has carried the major burden 
of this inquiry, with the Senate committee remaining 
almost dormant. With the ascension of Sen. Clinton 
Anderson ( D.-N. M.) to chairmanship of the Senate 
committee, and his strong interests in southwestern re- 
search facilities, this picture may change. 

Debate Factions 

The debate over the defense budget will be led by 
two factions: the congressional economy wing that sim- 
ply wants to reduce its size, and the armed services 
committee leaders who will renew their personal joust 
with Defense Secretary Robert McNamara over his poli- 
cies. This will be an extremely lively debate, particularly 
if it impinges on some of the military contretemps of 
the Cuban crisis. But it is unlikely to produce any 
major changes in the size or character of the defense 
budget. Mr. McNamara's congressional critics will be 
somewhat weakened in their offensive this year by the 
fact that most of what they want would call for more 
additions to the defense budget— an unpopular cause 
in the current congressional fiscal atmosphere. How- 
ever, if the congressional inquisitors arc sufficiently skill- 
ful to draw Mr. McNamara out from the shelter of his 
prepared statistical breastworks into open verbal combat 
on the military strategy and tactics produced by his poli- 
cies, the American taxpayers who arc paying the defense 
bill might get some interesting clues as to their future. 

Thus the congressional actions of the current session 
do not appear likely to produce any basic policy changes 
in the defense or space efforts. They are more likelv to 
produce minor changes in funding, with the possibility 
of some across-the-board cuts made more for the political 
record than from a determination to make any significant 
program changes. The debate, however, will be lively. 
The unwary bureaucrats who fail to do their homework 
stand a good chance of being tripped by a somewhat 
more aroused and sophisticated Congress than they have 
faced in several years. The aerospace industry must follow 
this Capitol Hill activity with perceptive diligence lest 
it fall into similar pitfalls. 

—Robert Hotz 
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ALL-WEATHER UH-2A 

Around the clock rescue helicopter operation is now a reality with the U.S. Navy. In fair weather 
or foul when aircraft are launched from a carrier, the pilots can be sure that the "Seasprite” 
will be on station to provide a helping hand should they encounter emergency ditching. The auto- 
matic self-contained navigation equipment allows the UH-2A to operate on its own away from 
its ship whether it be carrier, cruiser, or destroyer. The UH-2A can home in on downed airmen or 
navigate over vast ocean reaches to ships in distress. The eyes of the Navy are even sharper now. 






SHIPBOARD SATELLITE COMMUNICATIONS TERMINAL— The USNS Kingsport, working in conjunc- 
tion with land based terminals, will allow communication relay through satellites to many world locations. 
Developed for use by the U. S. Army Satellite Communications Agency, the first mission of the USNS 
Kingsport will be to support NASA in the development of civil and commercial communications satellites. 
As prime contractor for the U. S. Navy Bureau of Ships, the Bendix Systems Division managed the systems 
engineering and integration of the system, including communication and related equipment from 23 
companies and three Bendix divisions. System design and integration engineers in these space tech- 
nologies can learn of exciting challenges by contacting our Personnel Director, Bendix Systems Division, 
Ann Arbor, Michigan— an equal opportunity employer. 




Bendix Systems Division 


WHERE IDEAS 
UNLOCK 
THE FUTURE 


Defense, Space Budgets 


Pentagon Secrecy Office 
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Washington Roundup 

Chairman Clarence Cannon of the powerful House appropriations committee 
is appalled at the size of President Kennedy's Fiscal 1964 budget and plans to cut it 
all along the line, including defense and space requests, lie admits a need for con- 
tinued large defense expenditures but said "nothing-not even defense items should 
logically be regarded beyond reach of the knife." Rep. Ben F. Jensen, a high-ranking 
Republican on the committee, said he will go after space spending. "I don't want to 
be a party to spending unnecessary billions upon billions of dollars just to prove that 
the moon is not made of green cheese,” lie said. He also thinks defense requests can 
be cut by billions. 

Sen. John O. Pastore, new chairman of the Joint Congressional Atomic Energy 
Committee, favors more emphasis on the Rover nuclear rocket program but does not 
plan any strong challenge to the Administration's decision to keep it on a modest 
scale. He said lie fears the Pluto nuclear ramjet project for a proposed Slam missile 
"is going the way of Skybolt." but he thinks the President had to hold down spending 
on such projects to smooth the path for his record budget. Anv challenge on these 
programs will have to come from Sen. Clinton Anderson of Nov Mexico, who has 
become chairman of the Senate space committee (AW Dec. 3, p. 28). Sen. Anderson 
wants more concentration on nuclear space power. Sen. Pasture's chief aim. in his two 
years as chairman of the atomic energy committee, will be to glamorize the peaceful 
uses of the atom. He also plans to take an inventor)' of nuclear weapons to see if the 
U.S. is overstocking them. 


Pentagon last week created a new Directorate for Classification Management to 
centralize responsibility for all classification and declassification policies and procedures. 
Using the standard phrase for any office that deals chiefly with secrecy, Defense Dept.’s 
announcement said the directorate is "designed to increase the flow of' information. . . ." 
But the man to whom the directorate will be responsible- Walter T. Skallerup, Jr., 
deputy assistant secretary of defense for security policy-said the new office and a new 
Classification Review and Advisory Board will try to prevent release of too much infor- 
mation. "This won't deter the willful leaker," he said, "but it will provide guidance to 
prevent the inadvertent release of information, which can happen in a variety of ways.” 

Until now, declassification has been the concern of the Directorate of Declassi- 
fication Policy in the office of the assistant secretary for public affairs. This function 
moves to the new directorate, which is under the assistant secretary for manpower. 
Review of Defense Dept, press releases, contractor releases, advertising copy, etc., for 
security remains under the office of public affairs, but this office will consult the new 
directorate for guidance on what is and what isn't classified information. 

Skallerup said the new directorate was placed under the assistant secretary for 
manpower because security is principally a human problem. 


A professional society sent out notices last week that preprints of two technical 
papers on propulsion, “which were mailed to you a short time ago arc now classified 
and should be destroyed.” 

Civil Aeronautics Board could force a quick settlement of the Eastern Air Lines 
strike. It has notified the Flight Engineers International Assn, that it will hold a hear- 
ing on the union's charges that Eastern may have violated the Federal Aviation Act 
by replacing FEIA strikers with pilots. 

Russia is supplementing its aerial supply line to Cuba with a new scheduled cargo 
and passenger ocean liner service. The vessels Baltika, Mikhail Kalinin and Maria 
Ulyanova will make two trips a month each between Leningrad and 1 lavana in summer 
and Riga and Havana in winter. Plans arc under way for excursion rates for a one-way 
trip by ship and a return trip bv plane. 

Watch for Al Blackburn, one of the key men who guided the TFX bi-scrvicc 
fighter program through the defense research and engineering office and recently initiated 
the counter-insurgency (COIN) aircraft program (AW Dec. 10, p. 26), to leave the 
Pentagon by late March. Blackburn, who has dealt with strategic and tactical pro- 
grams in DDR&-E for three years, agreed to bake the job for two years but extended 
his stay when the TFX program was prolonged. 


Five Soviet space scientists have proposed using chickens to provide cosmonauts 
with animal proteins on space flights. The scientists point out that this would provide 
fresh meat and eggs. Chickens arc the most feasible source of proteins because they 
can be fed algae and food wastes, including chicken entrails, and can be kept in a small 
space, the scientists said. 
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—Washington Staff 


USAF Keys Space Plan to Three Programs 


Rendezvous-inspection, space stations, communica- 
tion satellites called prime military needs by SSD. 

By Edward II. Kolcum 


New York— Air Force has elected to shape its space program around three 
fundamental projects which include two manned space flight systems designed 
to extend civilian space vehicle experience to applied military hardware. 

Institute of the Aerospace Sciences members were told at their 31st annual 
meeting here that USAF Systems Command secs rendezvous and inspection, 
space station development and communications satellites as space programs 
of prime military necessity." Maj. Gen. Ben I. Funk. Space Systems Division 
commander, outlined these requirements in a report, stating that the job of 
his division in 1963 is to take full advantage of existing technology to stress 
these three programs. 


Cen. Funk’s statement was the first 
clear indication that USAF has crystal- 
lized its space philosophy into well- 
defined systems and objectives, and it 
followed by a day the Defense Dcpt.- 
NASA agreement making USAF an ac- 
tive participant m the Gemini project 
(see below). It was understood that 
USAF did not get as large a role in 
Gemini as it had sought. 

Gen. Funk said lie is seeking military 


participation in space station develop- 
ment— the only requirement he listed for 
which hardware monev is not budgeted 
in either Defense or NASA Fiseal 1964 
budgets (AW Jan. 21. p. 26. 29). Both 
agencies want money for space stations, 
and USAF is still seeking approval for 
its manned orbital development station 
(MODS). Recent remarks by top De- 
fense officials indicate that there is little 
hope for approval, at least this year. 


DOD, NASA Confirm USAF Gemini Role 

Washington— Defense Dept, and National Aeronautics and Space Administration 
officials last week confirmed that the Air Force will participate in NASA’s Gemini 
two-man orbital spacecraft program, as predicted by Aviation Week & Space Tech- 
nolugy last Dec. 10 (p. 27). 

Under an agreement signed by the two agencies last week. Defense Dept, funds 
will be added to the S306 million requested by NASA for Fiscal 1964. The aim is 
to gather scientific information to aid in uuhturv missions and to gain experience for 
pilots who will fly the Dyna-Soar boost-glide orbital vehicle about two years later. 

A planning board, co-chaircd by Dr. Robert C. Seamans. Jr., associate NASA 
administrator, and Dr. Brockwav McMillan, assistant secretary of the Air Force 
for research and development, will establish policy, plan the experiments and flights 
and supervise analyses. 

The board will determine how much Defense Dept, money will be spent. No 
item in the Fiseal 1964 budget requests now is earmarked for the project, but the 
funds are expected to come from reprograming. 

NASA will continue to be responsible for management of the Gemini pio|cct. 
Sonic Gemini flights may be co-iiiamicd— that is. by one NASA pilot and by one 
Air Force-sponsored pilot. The manning question becomes complicated by the fact 
that there arc civilian. Air Force and Navy pilots attached to NASA for flic Mercury. 
Gemini and Apollo programs, and the Air Force is training space pilots at Kdwards 
AFB, Calif., for its own Dyna-Soar project. The Dyna-Soar group includes a Navy 
pilot. It is possible that two Air Force men, one representing NASA and the other 
the Air Force, could make a flight together. It would also be possible for two 
Navy men, one representing each agency, to make a flight. 

One reason for Air Force participation m Gemini is to experiment with sensors 
such as radar and cameras in a manned vehicle, which offers better control than an 
unmanned satellite, a defense official said. The results would later he applied to 
unmanned inspection and intercept systems and ground surveillance svstems. 

Gemini will be used to prove space rendezvous techniques. From a military view- 
point, there is a need to develop methods of inspecting targets which are passive or 
evasive. NASA had planned only to rendezvous with cooperative targets. 

Experiments leading to development of military components for automated space 
systems could weigh so much that one Gemini pilot would be eliminated on some 
flights, a defense official said. 


NASA is conducting extensive studies 
into space station concepts, and USAF 
apparently feds that its best hope is to 
participate in these studies. 

Rendezvous and inspection require- 
ment will be achieved to some degree in 
the Blue Gemini program (AW Dec. 
10, p. 27). This program differs from 
the basic Gemini mission in that it will 
be designed to approach, capture and 
disable an uncooperative satellite, and 
to act as a testbed for a vehicle which 
will ferry large numbers of people and 
quantities of supplies. 

Systems Command has received 
communications satellite development 
money, and Gen. Funk secs a need to 
develop secure communications satel- 
lites in both intermediate and synchro- 
nous orbits. NASA will develop the syn- 
chronously orbiting Syneoin satellite 
and Air F'orcc the intermediate orbitcr. 

Gen. Funk's report was delivered by 
Brig. Gen. Norman I.. Peterson, direc- 
tor of the Air Weather Service. Among 
other space-related highlights of the 
three-dav IAS meeting were a descrip- 
tion of the Apollo service module pro- 
pulsion system, a report on studies un- 
der way to provide a cryogenic kick 
rocket for deep space missions, a sum- 
mary of NASA's planned life sciences 
program, and reports on current status 
of the nuclear rocket program and the 
Apollo reliability control program. 

Main propulsion system in the Apollo 
service module will have emergency re- 
quirements to separate the spacecraft 
from the launch vehicle in ease of an 
abort, and also to provide a maneuver- 
ing capability to rescue a disabled lunar 
excursion module (LEM) hug. accord- 
ing to Robert F„ Field of North Amer- 
ican Aviation's Space and Information 
Systems Division, which has the prime 
Apollo spacecraft contract. 

Normal use of the main propulsion 
system. Field said, will he to provide 
midcoursc velocity corrections, inject 
and eject the Apolio spacecraft into and 
out of lunar orbit, and make small 
changes in the lunar orbital plane. 

System is built around an Aerojet 
AJ10-137 rocket engine fueled by nitro- 
gen tetroxide. imsyminctrical dimethyl- 
hydrazine and hydrazine. Although the 
engine has not been totally defined. 
Field showed a configuration drawing 
indicating the length to he 152.82 in. 
including a nozzle 111.82 in. long. 
Nozzle has a 60:1 expansion ratio and a 
98.4-in. exit diameter. 

As now conceived. 1 3 engine param- 
eters will be displaced for the crew, 
who will exercise a manual override. The 
Aerojet engine will be tested in the 
Arnold Engineering Development Cen- 
ter J3 facility this spring and at that 
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Combined Laboratory, Orbital Launch Facility Proposed 

Details of a scientific laboratory-orbital launch facility combination were outlined last week at the Institute of the Aerospace Sciences 
meeting in New York. Designed by Future Studies Branch of NASA's Launch Operations Center, the facility would be placed into 
orbit in two sections, with the launch facility following the laboratory and rendezvousing with it. Each section would be unmanned 
at launch but would be fully equipped. Maximum of 25 crewmen would operate tile combined facility, rendezvousing with it aboard 
five-mail Apollo-type vehicles as indicated in drawing above, according to NASA. Orbital launch facility might handle m-spacc vehicle 
assembly, maintenance and repair, propellant transfer, checkout and launch for interplanetary missions. It will accommodate three classes 
of vcliiclcs-C-I class, including enrth-to-orbit shuttle vehicles. C-5 class, including lunar ferries and possibly unmanned planetary 
spacecraft, and Nova class of manned interplanetary' vehicles. Hie space station laboratorv will provide for basic research and develop* 
ment in materials, propulsion, guidance and control subsystems and will perform and monitor storage and transfer of cryogenic propellants. 


time North American expects to de- 
termine the effects of starting shock due 
to the large expansion ratio nozzle. 

Field said the service module reac- 
tion control propulsion system has been 
totally defined and will consist of four 
clusters of four engines each, fueled by 
the same hypergolic propellant com- 
bination as the main propulsion system. 
Reaction control system was initially 
conceived with two clusters of eight en- 
gines each, but the smaller engine 
clusters greatly increase reliability. In 
the latter version, an entire cluster can 
malfunction without endangering mis- 

Propellant will be pressure fed in the 
reaction system and bladder expelled in 
the main engine. Other features of the 
reaction control system arc a molyb- 
denum radiation-cooled nozzle, alumi- 
num injector and an operating pressure 
of 90-100 psia. Normal thrust is 100 
lb., and the system is designed to oper- 
ate for long and short power bursts. 
Reaction control engines are built by 
Marquardt, and Field said the company 
has operated one engine for more than 
30 min. 

Main propulsion engine will have an 
ablative thrust chamber. Small-scale 
thrust chambers have been tested by 
Aerojet, Field said. 

Bruce T. Lundin of NASA's Lewis 


Research Center described the advan- 
tages of a cryogenic kick stage as the 
third stage for Saturn. Centaur and 
Atlas Agcna vehicles for solar probes, 
flights out of the plane of the ecliptic, 
and as heavy payload carriers to Mars. 
The Lewis center is studying both a 
pressure-fed fluorine-hydrogen engine, 
and a pumped hydrogen-oxygen power- 
plant. basically designed to provide a 
velocity increment of about 23.000 fps. 
Thrust is in the 2.250-lb. class, and 
gross weight is 4,200 lb. Either engine 
as the third stage of Atlas Agena, Lnn- 
din said, could take a 400-lb. instrument 
package to within 0.2 astronomical 
units of the sun— about 18.6 million 
miles from the solar surface. 

Using an Atlas Centaur or Saturn 
C-1B launch vehicle and the kick stage, 
Lundin said, payloads ranging from 
2,SO0-3,00O lb. could be carried into 
a Mars orbit. 

Scope of the expanded NASA life 
sciences program was reported bv three 
key officials in these areas: 

• Science: Prime objective at this time 
is the search for extraterrestrial life, 
closely followed by an ambitious flight 
program aimed at obtaining environ- 
mental biological information. Space 
Science Board in NASA has approved 
through the breadboard phase 50 sep- 
arate flight experiments with primates, 


plants and minute biological test speci- 

Dr. Dale Jenkins of NASA's space 
sciences office said the agency has not 
determined which flight vehicle it will 
use for these orbital experiments. Rc- 
quiieincnts are a minimum orbital 
flight time of 14 days, recovery, orbit 
altitude of 1 50-200 mi. and an environ- 
ment of SO '7 oxygen. 20% nitrogen 
and 14.5 psia. Dr. Jenkins indicated 
bow Mercury and Discoverer capsules 
can be adapted to fit these rcquirc- 

He said NASA will fly a balloon to a 
100,000-ft. altitude next month during 
the Mars opposition period with an in- 
frared spectrometer and 36-in. telescope 
to obtain data on the Mars’ atmosphere. 
•Research program is aimed basically at 
providing prototype life support systems 
for future manned space flights (AW 
Jan. 14, p. 28). Dr. Eugene B. Konecci 
said that the top priority problem is 
weightlessness. 

• Operations program, as demonstrated 
by manned Mercury flights, points up 
two major concerns, according to Dr. 
Joseph Connor of NASA's manned 
space flight office. These are reliability 
of instruments used to take physiologi- 
cal readings, and the inadequacy of the 
industrial hygiene effort. 

Dr. Connor said Gemini and Apollo 
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Captive Air Bubble Vehicle Studied 

New York— First details of a new class of ovcrwatcr vehicle designated as the 
"captive air bubble" type were told to the Institute of the Aerospace Sciences meet- 
ing here by Allen G. Ford, a physicist with Naval Air Development Center. 

Basic idea of the vehicle is to support most of its weight on an air bubble held 
beneath the vessel by sideboards which extend into the water, and by movable plan- 
ing surfaces fore and aft which prevent escape of the air in cither of those directions. 

There will be some losses due to entrainment or leakage through seals or past 
adjacent tubbing surfaces; these will be made up by air from a fan. In contrast to 
the conventional ground-effect machine, the power required by the fan will be very- 
low compared with thrust power needed to move the vehicle. In a typical GF.M 
the ratio of lift to thrust power might approximate four or five to one; in the cap- 
tive air bubble. Ford says, the lift to thrust ratio could be 0.2 or less. 

As one typical example of a future ship design using the principle. Ford showed 
a sketch of a vessel of the same power and gross weight os a conventional destroyer. 
Its speed and range at maximum speed would lie about twice those of the destroyer 
for calm-water operations, The captive air bubble vessel could travel at about 70 kt. 
(80 mph,). Ford said. 

NASA, GE Study VTOL Fighter 
With Lift Fans Similar to XV-5A 


have introduced new problem areas in 
aerospace medicine centered around at- 
mosphere selection for long-duration 
missions, water balance, acceleration tol- 
erance, space feeding, waste manage- 
ment. performance capability, selection 
criteria for specific missions, escape and 
restraint systems, vibration, pressure 
suits, portable life support svstems. 
radiation protection and the effects of 
weightlessness. 

Mercury astronauts, lie said, were able 
to run complete mission profiles on 
centrifuges simulating full gravity load- 
ing. lie added that this probably will 
not be done in Apollo because of excep- 
tionally heavy loads which may be en- 
countered. Abort during boost phase, 
for example, would impose a 20g force 
for 60-85 sec. 

Harold B. Finger, manager of the 
Space Nuclear Propulsion Office, said 
that despite the difficulties being ex- 
perienced in tile Kiwi tests, the nuclear 
physics aspects of the reactors are well 
understood. 

Most recent test of a Kiwi reactor last 
November resulted in flashes of light in 
the exhaust stream (AW Dec. 2-1. p. 
25). an indication that core material 
was being carried awav in the jet. Finger 
said. It later was found that fuel ele- 
ments had been cracked and the reactor 
itself was extensively damaged. 

Speakers from North American Avia- 
tion. in reporting on the Apollo relia- 
bility control program, revealed a five- 
part Apollo test program which will 
precede manned flights; 

• Components, modules and subsystems 
will be qualified for functional and 
physical variations, environments and 
influences on variables, drift and wear- 
out life tests, design margin overstress 
and off-limit tests in emergencies. 

• Subsystems made of tested compo- 
nents will be given reconfirmation en- 
vironmental tests and off-limit fnne- 

• Spacecraft ground tests will be made 
in selected environments for verifica- 
tion. and the complete system will be 
subjected to off-limit functional tests. 

• Boilerplate flight testing will qualify 
the system aerodynamically. and for re- 
entry. recovery and thermal testing. 

• Acceptance tests will provide func- 
tional assurance, environmental resist- 
ance and stability assurance. 

In a related area. Jerome Pressman of 
Ccophysics Cnrp. of America cautioned 
that a high firing rate of large launch 
vehicles may result in polluting the 
earth’s atmosphere because they deposit 
foreign gases and particles in the ex- 
tremely light air mass. 

Small-scale theoretical study con- 
ducted bv the company indicates that 
the pollution could modify the upper 
atmosphere composition, temperature 
structure, light emission characteristics 
and the ionosphere. Pressman said. 


New York— Observation, surveillance 
or strike VTOL fighter powered by a 
pair of General Electric lift fans and 
similar in size and weight to the Doug- 
las A-4A (A4D) series is one possible 
outgrowth of the current GE/Rvan 
XV-5A aircraft project (AW Jan. 21. 
p. 65). 

Robert II. Goldsmith, of GI£. and 
David II. ilickev. of the National Aero- 
nautics and Apace Administration’s 
Ames Research Center, described the 
preliminary design of the airplane in a 
joint report presented to the VTOL 
design session of the Institute of the 
Aerospace Sciences 31st annual meet- 

Tliey said the propulsion system 
would use the same size lift fans that 
had been tested in the Ames full-scale 
tunnels, and that will be used to power 
the two XV- 5A vehicles. But improve- 
ments m technology and in the per- 
formance of the GE JS5 gas producers 
driving the lift fans would reduce the 
current system weight by 279? and im- 
prove the performance by (i r A . 

Basic design layout of the airplane 
would mount the JS5 units above the 
wing with straight-through runs of the 
tailpipes. In the XV-5A, the engines 
are also mounted high, but the tail- 
pipes curve down and aft to exhaust 
below the aircraft fuselage centerline. 
Inlet ducts would be mounted on the 
upper quadrants of the fuselage, at 
about the 2 o'clock and 10 o'clock po- 
sitions; on the XV-5A, the inlets are on 
top of the fuselage. 

For VTOL operations, the gross 
weight is calculated to be 14,850 lb. 
at sea level on a standard day; for a 90F 
dav at sea level, the gross has to be re- 
duced to 13,300 lb. 


Span of the aircraft would be 31,25 
ft.; its length would be 4S ft., and it 
would stand 14.08 ft. high to the top 
of its T-tail, 

The wing has a 35-dcg. svveepback 
and a low aspect ratio. Wing loading 
is 60 psf. 

Typical mission is built around 
VTOL operation, carrying a 1 .000-lb. 
weapon payload over a 500-mi. radius. 
The airplane would climb on course 
after a vertical takeoff, cruise at 30.000 
ft. and 0.72 Mach number, and have 
fuel for five minutes of combat at the 
mission mid-point. 

Two criticisms have been directed 
at lift-fan designs in the past: first, that 
they show "lift-droop" or "suck-down.” 
a reduction of lift to less than the static 
value during VTOL operations when 
airspeed is increased: second, that they 
show large pitching moments during 
transition. 

The authors said that the first of 
these criticisms had been based on 
earlier analyses and small-scale tunnel 
results which, in fact, did show the 
lift-droop characteristic. 

But tests of full-scale wind-tunnel 
models at Ames Research Center have 
shown the opposite characteristic, an 
increase in induced lift with increase 
in airspeed. 

The second argument is often an- 
swered by stating that any aircraft shows 
changes in pitching moment as long as 
the airflow around it is turned to accom- 
lisli an increase in lift. Goldsmith and 
lickev answer specifically by showing 
calculations tor the strike fighter that 
give less control power needed to trim 
out the pitching moments than the 
amount that would be required if the 
airplane had conventional high-lift flaps. 
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Bolkow Planning to Flight Test 
Bo 46 Lead-Lag Botor Helicopter 


New York— Three prototype Bolkow 
Bo 46 helicopters will be completed 
this year and used to flight-test the 
characteristics of their lead-lag rotor 
systems developed for forward flight 
speeds up to approximately 200 kt. 

The lead-lag rotor system allows the 
advancing blades to lag and retreating 
blades to lead their static angular posi- 
tion on the rotor hub. This produces 
only a small change in relative tip 
speed between the advancing and re- 
treating blade speeds, and the blade 
speeds associated with hovering flight. 

Detailed description of the system 
was presented to the Institute of the 
Aerospace Sciences meeting here by 
Hans Dcrschmidt of Bolkow Entwick- 
lungcn, Ottobrunn, Germany. 

'(lie Bo 46 helicopters will weigh 
approximately 5,000 lb., and have a 
rotor diameter of 33 ft. They are being 
developed under contract with the 
German Defense Ministry. 

They resemble conventional helicop- 
ters in every respect except the rotor. 
The hub is of very large diameter, to 
house the gear that drives each rotor 
blade through its wide-angle path. The 
lag hinge is attached to the faired 
blade spars about one-third of the rotor 
radius awav from the hub. Thus the 
rotor appears to have blades considera- 
bly shorter than conventional arrange- 
ments. The four-bladcd tail rotor has 
the same arrangement as the fivc-bladcd 

One wav to explain the operation of 
the lead-lag rotor is to use an analogy 
to a pendulum. When the rotor is re- 
volving freely, centrifugal force tends to 
restore any blade moved in an angular 


Last IAS Meeting 

New York—' This 31st annual meeting 
of the Institute of the Aerospace Sci- 
ences is also its last, because of the mer- 
ger of the IAS and tile American Rocket 
Society which becomes effective Feb. 1. 

But there will continue to be tech- 
nical specialists’ meetings during 1963 
under the individual sponsorship of one 
society or the other, as well as several 
combined meetings under the new or- 
ganization. the American Institute of 
Aeronautics and Astronautics. 

Meeting schedules, set up often a 
couple of years in advance, had been 
completed for 1963 long before the 
merger of the two societies came to a 
membership vote last autumn. Con- 
sequently, they were allowed to stand 
essentially as planned, including the 
name of the original sponsoring society. 


sense from a radial position. This blade 
swinging and restoration, responding to 
centrifugal force in a horizontal plane, 
is exactly like a pendulum swinging in a 
vertical plane and responding to gravity. 

Also like a pendulum, the swinging 
blade will have a natural frequence de- 
pendent on the radius of the blade. 

If the geometry of the rotor— its 
radius, the position of the lag hinge, and 
the reduced-blade length— is adjusted 
properly, then the resonant frequency 
of the blade can be made to match the 
rotational speed of the rotor, so that 


Washington— Sound waves created by 
exploding grenades at differing heights 
in the ionosphere were used to measure 
temperatures at lush altitudes during 
a series of experiments conducted by the 
Air Force Cambridge Research Labora- 
tory. Bedford. Mass., at the Eglin AFB 
Gulf Test Range, Fla., from mid-Octo- 
ber to mid-December. 

The test scries, called Project Firefly 
3. also included release of chemicals de- 
signed to decrease or increase the degree 
of ionization and the release of vapor 
(rails to measure wind shear. Thus 
"holes" and greater density areas were 
created in the ionosphere’s F. and F 
layers. The E laver extends 60 to 100 
mi. and the F layer. 1 00 to 200 mi. 

Temperatures, wind data and other 
information obtained will be used in the 
X-20 Dyna-Soar boost-glide orbital vehi- 
cle program. Some of the techniques 
possible could be used to create artificial 
ionospheric conditions to aid in emer- 
gence radio communications after a 
nuclear attack. 

A total of 2" rocket-boosted payloads 
were sent aloft. The holes or areas of 
lowered electron density, were created 
by sulphur hexafluoride. One of the 
electron depletion experiments created 
a sausage-shaped hole 6 mi. by 1 5 mi. 
in the F layer. A smaller hole was 
fonned in the E layer during another 
experiment. 

Cesium was used in the electron 
augmentation experiments. Creation of 
higher-than-norinal electron density 
areas holds the greatest potential for 
aiding radio wave propagation. 

The multiple grenade explosions, 
made at altitudes up to 70 mi., were 
recorded by acoustic detectors located 
at exceptionally quiet ground locations. 
Temperature readings were made by ap- 


thc power required to swing the blade 
through its arc is minimized. 

In the current application of the 
lead-lag rotor, the lag hinge is located 
34% of the rotor radius from the hub. 
The blade swings through an angular 
amplitude of 40 deg. 

With this arrangement, the retreat- 
ing blade tips reach three times the 
peripheral velocity of the advancing 
blade tips in high-speed forward flight. 
The relative airspeeds of the tips then 
arc about the same. 

Dcrschmidt said that wind tunnel 
tests of a half-scale rotor system showed 
that the lead-lag motion should be 
locked out for hovering flight and the 
low-speed regime. It should only be 
used when forward flight speed ex- 
ceeded approximately 100 kt. 


plying known physical laws concerning 
the speed of sound conduction at differ- 
ent temperatures and air densities. Ex- 
plosions were timed by visual sighting 
of the flash, nr by pre-set triggering and 
recording the noise of the explosion. 
The technique opens the way to make 
E layer temperature measurements on 
a regular basis using relatively inexpen- 

Thc wind shear phenomenon was ob- 
served through photographs made about 
midnight after an aluminum oxide and 
cesium chemical trail was released from 
a Nikc-Apachc rocket between 60 and 
90-mi. altitude. Prior to this experi- 
ment. wind motions in this altitude re- 
gion could only be made at sunrise and 

Dr. N. W. Rosenberg is scientist in 
charge of the project, which is spon- 
sored by the Advanced Research Proj- 
ects Agency. Defense Atomic Support 
Agency and U. S, Army Signal Research 
and Development Laboratories. 

Cambridge Research Laboratories 
next month will also launch an Aerobce 
rocket that will release an inflatable 
Mylar sphere at an altitude of 160 mi. 
Telemetering equipment in the9-ft. bal- 
loon will transmit linear accelerometer 
data to range receiving stations meas- 
uring the drag of the atmosphere on the 
sphere. 

Since the balloon will have no alti- 
tude measuring equipment, the alti- 
tude at specific periods of time will be 
measured by ground optical and radar 
tracking stations. By combining known 
values of gravity pull, altitude at time 
intervals and the known weight and 
aerodynamic characteristics of the 
sphere, it will be possible to compute 
density of the atmosphere at extremely 
high altitudes. 


High-Altitude Grenade Explosions 
Furnished Data for X-20 Program 
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First Photo Shows A-5C Tactical-Reconnaissance Aircraft 


I uctical-rcconnuissuncc version of Navy’s Math 2 A-5C (A3J-3) Vigilante is shown in flight Aircraft is carrying four undenving 400-gal. 
dropablc fuel tanks. These four wing stations can also carry nuclear and conventional bombs, rockets and other external stores and equip- 
ment. 'Hie North American Aviation-built aircraft can accommodate additional nuclear weapons in its internal linear bomb bay. In- 
ternal stores are ejected rearward, out the tail of the plane. Pod carries cameras and other reconnaissance equipment. 

House Unit to Probe Rendezvous Choice 


By Alfred P. Alibrando 

Washington— House space committee 
will conduct a thorough examination of 
the space agency's decision to accom- 
plish the Apollo mission through lunar 
orbit rendezvous. Probers will seek de- 
tails of how the decision was reached 
and the extent of the opposition from 
those who favored earth orbit rciulez- 

Rep. Olin E. Teague (D.-Tex.). chair- 
man of the manned space flight sub- 
committee. indicated his concern about 
the controversial decision last week dur- 
ing the space committee’s two-day meet- 
ing with its panel of science advisers. 

After Dr. Pred L. Whipple of the 
Smithsonian Astrophysics! Observatory 
said the National Aeronautics and Space 
Administration’s decision on lunar orbit 
rendezvous was "a good decision." 
Teague indicated sharp disagreement. 

"... I heard that it was not unani- 
mous bv any stretch of the imagina- 
tion.” Teague said, "and that top ad- 
visers to the President violently ob- 
jected. We will begin the hearings soon. 
We shall certainly ask questions. My 
opinion was it was not a unanimous 
decision. . . .” 

Teague told Aviation Week & Space 
Tkciinoi.ogy that committee membeis 
would gather facts on the lunar rendez- 
vous decision as they tour NASA cen- 
ters. Committee members already have 


visited Cape Canaveral and are sched- 
uled to tour other installations, includ- 
ing the Manned Spacecraft Center at 
Houston and the Marshall Space Plight 
Center at Huntsville. Ala., before hear- 
ings begin next month. 

"If we're going to maintain the pub- 
lic's confidence in the space program, 
we will have to he sure the decisions are 
right." Teague said. "This is a big 
budget [S5.7 billion] and these arc im- 
portant years in the development of the 
space program." 

When the Apollo program was first 
announced by NASA in July. I960, di- 
rect ascent was the favored method, 
although studies were under way within 
the agency on various types of rendez- 

Following the Administration's de- 
cision in May, 1961. to make a manned 
lunar landing within the decade, a joint 
NASA-Defense Dept, committee under 
Dr. Nicholas Golovin was appointed to 
make a detailed study of the best 
method for early, successful completion 
of the mission. 

Golovin committee studies have 
never been officially released. However, 
il is understood that the majority opin- 
ion first favored earth rendezvous. Mem- 
bers who preferred lunar rendezvous 
presented a strong case and succeeded 
in renewing the study. 

Result of a two-month computer an- 
alysis by Ling-Tcmeo-Vonght, Inc., in- 


dicated the lunar landing mission could 
be accomplished six months to two 
years earlier using lunar rendezvous, 
would cost less and be more reliable. 

Dr. Golovin, technical adviser to Dr. 
Jerome B. Wiesner, President Ken- 
nedy's science adviser, favored earth 
rendezvous. Dr. Wiesner. as later 
events indicated, also favored earth 
rendezvous and so advised the Presi- 
dent. 

Controversy within the Administra- 
tion over the two methods continued 
until just before the decision was an- 
nounced on July 1 1. 1962 (AW July 9. 
p. 2s). The matter finally went to 
the President, who told NASA to pro- 
ceed with whatever method would, 
in the judgment of the agency, accom- 
plish the mission m the fastest, safest 
and least expensive manner. 

In the July 1 1 announcement. NASA 
said the Manned Plight Management 
Council voted unanimously for lunar 
orbit rendezvous. The council includes 
D. Brainerd Holmes, director of the 
Office of Manned Space Flight; Robert 
R. Gilruth, director of Manned Space- 
craft Center. Wcmhcr von Braun, di- 
rector of Marshall Space Plight Center, 
and Kurt Debus, director of the Launch 
Operations Center. At the same time. 
NASA said it was continuing its studies 
on earth rendezvous and direct ascent as 
insurance against a later necessity for 
changing to one of those methods. 


AVIATION WEEK & SPACE TECHNOLOGY. Jonuory 28, 1963 


Last September, during President 
Kennedy’s visit to the Marshall Space 
Plight Center, Wiesner was heard to 
say "no good" during von Braun’s ex- 
planation of lunar orbit rendezvous to 
the President (AW Sept. 17. p. 26). 

Within recent weeks, persistent re- 
ports that the Soviet Union will use the 
earth orbit technique in an early 
manned flight effort have revived the 
controversy over the two methods. 

Teague said he would like to find out 
more about the technical considerations 
that led to the lunar rendezvous deci- 
sion, and whether it was unanimous. 

Members of the 16-member panel 
on science and technology that met 
with the House space committee ex- 
pressed general support for the manned 
flight program. 

Dr. Pierre Auger. French physicist 
and guest panelist, said the European 
Launch Development Organization and 
the European Space Research Organi- 
zation hope to launch a 110-180-lb. 
earth satellite by 1965. These groups 
also hope to launch a one to two-ton 
probe by 196S or 1969. The launch 
vehicle being developed for this pro- 
gram will use the British Blue Streak 
first stage and a French second stage. 
Third stage has not been selected. 

Panel members described Russian 
space flights as "brilliant achieve- 
ments." but said the USSR made no 
attempt to follow up on these achieve- 
ments. Dr. Harold Urey of the Uni- 
versity of California pointed out that 
while the Russians televised to earth 
photographs of the backside of the 
moon, their failure to make a second 
lunar photography mission was disap- 
pointing. 

Production of more and better space 
scientists occupied much of the discus- 
sion. Panelists agreed that good univer- 
sities were needed in regions where 
none now exist. There was some dis- 
agreement on whether an increase in 
NASA grants to universities for educa- 
tion of scientists would be effective. 
Some members of the panel contended 
that the present number of fellowships 
is large enough to accommodate stu- 
dents qualified for graduate training in 
science and engineering and that the 
problem is with elementary and secon- 
dary schools. 


XB-70A Work Slowed 

Los Angeles— Work on the No. 3 
North American XB-70A prototype has 
been discontinued and work on aircraft 
No. 2 has been slowed by a holdback of 
funds by the Defense Dept. 

Work on the No. 1 aircraft, which is 
now being completed at North Ameri- 
can's Palmdale plant, is continuing and 
the first flight of the test vehicle is still 
planned for March or April. 


New Army Air Division to Make 
Key Test of Helicopter’s Role 


By George C. Wilson 

Washington— Army's future aviation 
role is being shaped by an Air Assault 
Division now being formed to test the 
full-scale integration of helicopters into 
infantry combat operations for the first 

Plans already approved by the De- 
fense Dept, call for conducting the 
crucial experiment at Ft. Benning, Ga., 
with a force of 15,000 men and about 
400 aircraft, almost all helicopters. 

Central idea, according to one Army 
aviation official, "is to prove that it is 
high time to consider the helicopter as 
much a part of infantry operations as 
the truck.” Results of the tests at Ft. 
Benning will be evaluated by the Army’s 
Combat Development Command. 

Defense Secretary Robert S. Mc- 
Namara— who has emphasized the need 
for more fast-moving and hard-hitting 
conventional forces since he took office 
-is personally interested in the Air As- 
sault Division and has asked Congress 
to increase the Army's authorized 
strength of 960,000 by 15,000 in Fiscal 
1964 to provide the manpower needed 
for the new division. 

But the Army docs not have to wait 
for this congressional approval to begin 
the air mobility experiment. It is form- 
ing the division now. The division is 
expected to number about 3.S00 men 
this fiscal year and rise to 15.000 in 
Fiscal 1964. 

Aircraft to be used will be a mix of 
helicopters and fixed-wing aircraft on 
hand. But since this will be mainly a 
mobility test, about the only fixed-wing 
aircraft to be used will be the Grumman 
OV-IB Mohawk and Cessna O-l A. for 
observation. All told, less than 20 fixed- 
wing aircraft arc expected to be among 
the 400 aircraft in the Air Assault Divi- 

Ilclicoptcrs expected to lie tested in 
the infantry combat operations include: 
Bell OII-13C Trooper and UH-1 
Iroquois, Sikorsky CII-37A and Vertol 
CH-47A Chinook. 

Helicopters less certain of being 
tested are the Hiller OH-2 3D Raven 
and Sikorsky CI4-34A. 

The exact composition of the heli- 
copter fleet has not been decided. The 
major considerations will be what air- 
craft are available for the experiment 
and what tests will be conducted. But 
the emphasis definitely will be on the 
lighter, less expensive helicopters at 
first, on the theory that such aircraft as 
the Vertol CI1-47A would be too costly 
an item to risk sending into many com- 
bat operations. 


Some of the major questions the Ft. 
Benning experiment is designed to 

• True mobility. How fast and in what 
quantity can helicopters move troops 
without forces becoming uncoordi- 
nated? How much do the problems of 
supporting and maintaining helicopters 
decrease their combat effectiveness? 

• Helicopter types. Is it better to have 
smaller helicopters which can carry up 
to a squad of troops, or sacrifice operat- 
ing economy and use heavier helicopters 
which can carry a full platoon? Should 
the helicopters be armed and armored 
or rely mainly on surprise, maneuvera- 
bility and speed? 

• Quantity. How many helicopters are 
needed to support an infantry division 
and who should command them? One 
idea is to assign a few helicopters to each 
brigade and keep the remainder under 
division control so they can be deployed 
to the brigades that need them most 
once the fighting starts. The prime ob- 
jective of all the command concepts is 
to use as few helicopters as possible. 
Otherwise. Army officials fear, support 
would become so expensive that the 
helicopter would be abandoned in favor 
of cheaper, conventional transportation 
methods. 

• Communication, navigation. Will 
helicopters move troops into battle so 
fast they will get out of touch with other 
forces farther from the front lines? Ob- 
ject will be to design simple but effec- 
tive communications systems for this 
speedier form of attack. Navigation 
questions include the ability of helicop- 


British Skybolt Debate 

London — British opposition Labor 
Party last week forced Prime Minister 
Harold Macmillan into a full-scale de- 
bate on the Nassau Polaris agreement 
(AW Jan. 7, p. 29). 

Censure motion proposed by Labor's 
acting leader. George Brown, accused 
the British government of basing en- 
tered into an abortive commitment to 
prolong tile V-bombcr force life by buy- 
ing Skybolt. Motion also challenges the 
validity of adopting Polaris to give Brit- 
ain an independent nuclear deterrent. 
Debate is scheduled for Jan. 31. 

Meanwhile, the Air League of Great 
Britain, a non-official body composed of 
civilians and retired senior Royal Air 
Force and Royal Navy officers, criticized 
the government's Polaris policy. Air 
League’s council is pressing for a policy 
of an all-British air-launched nuclear 
deterrent. 
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President Moves to Avert Boeing Strike 

Washington— President Kennedy moved late last week to avert a strike at the 
Boeing Co. by employing the Taft-Hartlcv powers already invoked in the labor- 
ninnngcmcnt dispute at Lockheed Aircraft Corp. 

Central issue in both disputes is the International Assn, of Machinists (AFL- 
CIO) demand that workers be required to join the union. Both linns oppose 
putting this union shop clause in their contracts on grounds that it violates employe 
freedom of choice. 

First step taken by the President in the Boeing dispute was the appointment of 
a special board of inquiry which was scheduled to report to him by Jan. 25. Next 
step under the Taft-Hartlcv law is to obtain a Federal Court order forbidding a 
strike for 80 days. This already has been done in the Lockheed case. 

Presidential fact-finding board in the Lockheed ease was to reconvene in Los 
Angeles jail. 28. the end of the 611-dav bargaining period. It is expected to recom- 
mend to the President that steps be taken to hold a vote within the next 15 days 
on final Lockheed proposals. 

Neither side has indicated a willingness to compromise during negotiations on the 
basic issue of a union shop (or some modification of the union shop) at the corpora- 
tion's two divisions— Lockhecd-California Co.. Burbank, and Lockheed Missiles and 
Space Co.. Sunnyvale and Van Nuys (AW Dec. 10. p. 29). 

The two divisions employ a total of 51.000 eligible union members, of which 
approximately 17,000 arc at Burbank. Roughly 455f of the eligible employes of 
the Missiles and Space Co. arc members of the IAM. while close to 70% of the 
California Co. personnel belong to the IAM. Contracts for the two plants arc 
negotiated separately but arc basically the same, except in areas such as job defini- 


ters to find landing areas in hostile tcr- 
ritoiy at night and in bad weather. 

In short. Army strategists are faced 
with the challenge of developing new 
infantry techniques to take advantage 
of transportation that is free of the 
ground environment. 

The Air Assault Division experiment 
at Ft. Bcnning will last through Fiscal 
1964 and probably some time beyond. 
If it is judged successful, the Army most 
likely will be given an aviation role 
which might expand to include the Air 
Force's current responsibility for close 
support of ground forces (A\V Jan. 1 4. 

p. 26). 

Brig. Gen. Delk M. Oden, Army 
Aviation director, denies any ambitions 
to rat into the Air Force’s principal 
functions. "The mission of Army avia- 
tion," he said recently, "is to augment 
the capability of the Army to conduct 
effective operations. By definition it is 
organic aviation immediately responsive 
to the demands of the arms and services; 
employed to enhance mobility and flexi- 
bility; employed to give greater combat 
efficiency as part of a continuously im- 
proving weapons system. Army aviation 
is a part, not a separate branch, of our 

Tiic new Air Assault Division is an 
extension of the ROAD concept— Re- 
organization objective. Army division— 
which includes for each division an 
Armv aviation battalion consisting of 
a headquarters and headquarters com- 
panv, a general support company and 
an air mobile company. Each ROAD 
division is authorized 105 aircraft. De- 
fense Dept, claims the ROAD concept 
tailors divisions to battlefield require- 
ments. as opposed to the rigid structure 
of the pen tom ic divisions. 


Explosives Detection 

Federal Aviation Agency and Atomic 
F.nergv Commission plan to test next fall 
an operating model of a machine which 
could detect explosives being smuggled 
abaard an airliner by a saboteur. 

Machine would not fog film, ignite 
flashbulbs or cause other harmful effects 
generally associated with X-rav or fluoro- 
serpe detection systems, nor would it 
mistake such harmless metal objects as 
alarm clacks or toys for possible bombs. 

FAA is hesitant to reveal just how the 
system works, saying only that it “oper- ! 
ales on nuclear principles." 

Detection system is one of a number 
of anti-sabotage systems which have been 
under study. Both FAA and AF.C have 
been funding research along these lines 
since 1960 (AW June 11, p. 47). 

Neither agency has been anxious to 
publicize the program widely, since psy- 
chologists warned that doing so might 
excite potential psychopaths to attempt 
sabotage. 


Former Secretary of the Army Elvis 
J. Stalir said "Army flying is not an end 
to itself, nor is it competitive with the 
aviation of any other service. Even as 
wc move into greater and greater activity 
in the first few feet above the surface 
of the earth, our mission remains 
prompt and sustained combat incident 
to operations on land.” 

Encoder Malfunction 
Silences Explorer 14 

Washington— Failure in the encoder 
on Explorer 14 apparently ended the 
useful life of the radiation-measuring 
satellite after 100 days of flight. 

Explorer 14 (S-5.\) was launched 
from Cape Canaveral on Oct. 2 (AW 
Oct. S. p. 51) and sent back enough 
information on radiation in both the 
natural and artificial belts around the 
earth to fill 1.000 mi. of magnetic tape. 
National Aeronautics and Space Ad- 
ministration disclosed Jan. 18 that the 
malfunction occurred Jan. 10. 

Project engineers and scientists at 
the Goddard Space Flight Center said 
radiation damage did not cause the mal- 
function in the encoder, which uses 
eight solid state devices to control the 
order in which telemetry is fed to the 
satellite s transmitter. 

First two solid state devices are func- 
tioning normally, feeding to the trans- 
mitter information on the satellite’s 
rotation, orientation and position with 
respect to the earth and sun. The third 
solid state device in the encoder is 
"sticking" and blocking the remaining 


channels, which carry information to 
the transmitter from the satellite’s sci- 
entific instruments. 

Data from Explorer 14. which has an 
apogee of 61,000 mi. and a perigee of 
170 mi., will be compared with radia- 
tion information from Telstar. Injun, 
and Explorers 1 5 and 1 5 in an effort to 
better define the natural radiation (Van 
Allen) belt and the artificial radiation 
belt created by the detonation of a 
nuclear device over the Johnston Island 
area in the Pacific Ocean last July 9. 

National Air Museum 
Planning Funds Asked 

Washington— Detailed planning and 
design of a S50-inillion National Air 
Museum here for aircraft and spacecraft 
will begin next fiscal year if Congress 
appropriates the S511.000 President 
Kennedy is requesting for that purpose. 

This planning phase is expected to 
take two vears and cost SI .6 million. 
Construction is estimated to take an ad- 
ditional two years, making 1967 the 
target date for completion of the mu- 
seum, which is to he operated by the 
Smithsonian Institution. 

Besides aircraft and spacecraft, the 
museum will house aeronautical and 
space engineering exhibits. The site for 
tiie museum is bounded by 4th and 7th 
Sts. S.W., Independence Ave. and Jef- 
ferson Dr. Congress authorized the 
museum in 1958, but President Ken- 
nedy's request of $5 11,000 for Fiscal 
1964 would be the first money appropri- 
ated. 
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Douglas Shows Higher 
Fiscal 1962 Earnings 

New York— Douglas Aircraft Co. last 
week reported earnings of SI 0.2 mil- 
lion on sales of nearly $750 million for 
the fiscal year ended Nov. 50. 

Douglas earnings on the same 1961 
date totaled over S5.9 million on sales 
of S791.5 million. Per share earnings 
at vear's end were S2.60 for 1962 and 
SI. '52 for 1961. 

Order backlog, adjusted to reflect De- 
fense Dept.’s cancellation of Skybolt 
air-launched ballistic missile work (AW 
Jau. 7, p. 29). stood at S806.1 million 
on Nov. 50 compared with S759.4 mil- 
lion the previous year. 

Of the backlog, S646 million, or 
80%, was government work, and S160.1 
million represented civilian contracts. 

Other financial icports: 

• Avco Corp. Last week reported 1962 
earnings of nearly S1S.8 million on 
sales of S414.5 million. The company’s 
earnings and sales— exclusive of SI. 2 
million non-recurring income on the 
sale of television broadcasting property 
—were 45% and 28% increases, re- 
spectively, over 1961 totals. Earnings 
were the highest m company history. 
Avco’s board chairman. Kendrick R. 
Wilson. Jr., and James R. Kerr, presi- 
dent, said government work accounted 
for about 70% of sales, while civilian 
business produced slightlv more than 
half the total profits. One fifth of all 
sales stemmed from research and de- 
velopment activities. Per share earnings 
in 1962 were SI. 72 plus 11 cents per 
share for non-recurring income. 

• Ryan Aeronautical Co. reported S5.2 
million earned on sales of S72.5 mil- 
lion. The company's 1962 earnings de- 
clined only slightly from the $5.5 mil- 
lion earned in 1961. despite a decline 
of $16.9 million in sales from the 1961 
total of SS9.4 million. Navigational sys- 
tems accounted for almost half of 
Ryan's 1962 sales, with the remainder 
divided among major airframe assem- 
blies. aircraft development projects and 
high-temperature engine components. 
Rvan's per share earning was S1.7S— 
same as for 1961. 

• North American Aviation, Inc., had 
first quarter earnings of S10.1 million— 
$1.21 a share-on sales of S441.8 mil- 
lion for the fiscal year beginning Oct.l. 
Earnings for the comparable 1961 
period were nearly SS million. 95 cents 
a share, on sales of $520.7 million. 

• Texas Instruments, Inc.’s preliminary 
fourth quarter 1 962 report showed sales 
of S65 million which, the company 
said, should bring the 1962 sales total 
to $240 million. Fourth quarter net 
earnings after preferred dividend pay- 
ments should total about 65-70 cents 
per share at between $2.10 and $2.15 
tor the year. 



NASA to Control Own Launch Area 

National Aeronautics and Space Administration will have exclusive jurisdiction of the 
87.000 acres it has acquired next to Cape Canaveral. Fla., under an agreement signed with 
the Defense Dept, last week. Congress had recommended that NASA have jurisdiction 
over its own land (AW' May 21, p. 25). Air Force, acting for Defense Dept., will continue 
to control the 15.000 acres in the present Air Force Missile Test Center reservation. It 
also will be responsible for all the range activities, such as frequency control, launch sched- 
uling, flight safety, underwater salvage, downrangc airlift, downrange station operation and 
logistics and Port Canaveral operations. Specific mission functions, such as preparation, 
checkout and launch, will be performed by 1 each agcticv on its ow'n behalf, regardless of 
where the launch is made. For example, the NASA Saturn C-l launch area is in the Air 
Force-controlled territory, and the future Titan 3 launch area will be in NASA territory. 
NASA land acquisition costs at the Cape have now reached $82 million. In Fiscal 1962. 
$55 million was obligated. The estimate for Fiscal 1963 is $27 million. By 1966. the 
NASA investment there will be about $800 million. The agency expects to invest about 
SI billion in new launch facilities at Canaveral. During Fiscal Years 1962 and 1963, NASA 
spent $82 million to purchase land at the Cape. Defense Dept, and NASA have been 
negotiating on the jurisdiction question since last summer. 
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NASA Fiscal 1962 Procurement Doubled 


Washington— Space agency procure- 
ment in Fiscal 1962 totaled SI. 5 5 bil- 
lion, or more than twice the S755 mil- 
lion spent by the agency for hardware 
and services in Fiscal 1961. 

National Aeronautics and Space Ad- 
ministration also reported that of the 
SI. 55 billion spent in Fiscal 1962. S1.41 
billion or 91 % went to private industry. 

Of the SI. 05 billion spent directly by 
NASA in Fiscal 1962, 55% was ex- 
pended through competitive procedures. 
In Fiscal 1961, 65% of NASA procure- 
ment was through competitive proce- 
dures. The agency said the drop in 
Fiscal 1962 reflected awards on several 
big follow-on programs such as the S 30- 
million contract with McDonnell Air- 
craft Corp. for Gemini spacecraft. 

California again was at the top of 
the list of 1 0 states receiving the largest 
dollar volumes in NASA procurement. 
Although the order shifted somewhat 
from 1961 to 1962, there was only one 
change in the states listed among the 
top 10. Ohio dropped below 10th place 
and was replaced by Florida. These are 
the 10 and the amounts spent in each 



Florida 



North American Aviation, Inc., re- 
ceived three of the 10 largest contracts 
in Fiscal 1962 and headed the list of 
100 contractors awarded the biggest 
dollar volume in NASA contracts during 
Fiscal 1962. 

These were the 10 biggest awards, 
which totaled S36S million or about 
35% of the amount awarded to in- 

North American. Apollo contract, 
S60 million; Douglas Aircraft Co., 
Saturn S-4 and associated ground sup- 
port equipment. S51 million; North 
American, F-l rocket engine. S-f 5.3 mil- 
lion: McDonnell Aircraft Corp., Mer- 
cury program. S38.3 million; Aerojet- 
General Corp.. Ncrva nuclear rocket en- 
gine. S3 5.2 million: North American, 
development of J-2 rocket engine. S32.2 
million: United Aircraft Corp., A-3 
rocket engine. S30.5 million: McDon- 
nell, Gemini spacecraft. S30 million; 
Grumman Aircraft Engineering Corp., 
orbiting astronomical observatory, $24.3 
million, and General Dynamics Corp., 
high-impulse upper stage for Centaur 
and Saturn, S22.9 million. 

Most of NASA’s contracts of 525,000 


Ames Requesting Pioneer Bids 

Moffett Field, Calif.-Amcs Research Center will request industry bids )an. 28 
for four 100-lb. interplanetary space probes as it begins to implement its recent 
assignment of responsibility for National Aeronautics and Space Administration's 
Pioneer space probe program (AW Dec. 24. p. 21). 

Between 20 and 25 companies arc being asked to submit proposals by early March 
for the task of designing, developing and fabricating the spacecraft, the first of 
which is projected for launch bv a Thor Delta booster during the fourth quarter of 
1964. 

First two Ames Pioneer probes will be fired into orbits at different angles from 
the plane of the ecliptic. The first shot will be sent into an interior orbit, approxi- 
mately 0.85 astronomical units (AU) from the sun, while the second will be directed 
away from the snn into an exterior orbit which will take it 1.2 AU from the sun. 

Second probe will follow the first by about six months, and subsequent shots in 
the scries also will follow at six-month intervals. The nature of the orbits for shots 
three and four have not yet been determined. 

Each probe is to be capable of carrying 20 lb. of instruments, bringing its total 
weight to 120 lb. Scientific instrument payload for the first two probes will consist 
of five instruments for measuring magnetic fields in interplanetary space, the energy 
and density of charged particles, the interaction of magnetic fields and particles, 
and micrometeoroid populations. 

Ames has dropped the name Piqsy (Probes for International Quiet Solar Year) 
by which these spacecraft had earlier been identified (AW Jan. 7, p. 30). 

Contract awards for the four spacecraft are expected by late April. Contractor will 
supply a prototype spacecraft, one set of qualified (light components, a spacecraft 
and a subsystem mockup and associated equipment in addib’on to the four flight 
spacecraft. 

Solar probes capable of approaching within 0.3 AU to the sun are expected to 
constitute the second part of this program. Ames probably will be assigned responsi- 
bility for these after a lengthy battle for the assignment among several NASA cen- 
ters and its contractor laboratory, Jet Propulsion Laboratory. 


or over are on a cost-plus-fixcd-fcc basis. 
During Fiscal 1962, about S74S million, 
or 82% were awarded on this basis. 
About S125 million, or about 14% 
represented firm, fixed-price contracts, 
and the remaining 535 million, or 4%, 
were other types of fixed-price and cost- 
reimbursement contracts. 

Of the total SI. 55 billion NASA pro- 
curement in Fiscal 1962, 51.03 billion, 
or 66%, represented contracts made di- 
rectly with industry. S50.2 million went 
to non-profit corporations. S148.5 mil- 
lion to the Jet Propulsion Laboratory. 
Pasadena, Calif., and S321.S million to 
other government agencies. 

Air Force, which was at the top of 
the list among other government agen- 
cies, placed several large contracts with 
industry for NASA. They included S43 
million for the Agena launch vehicle 
program; S23 million for Titan 2 and 
Gemini; S24.4 million for Atlas boost- 
ers and services for Atlas Agena launches 
and S14 million for development of the 
A-3 rocket. 

Army Engineers also spent a large 
amount for NASA, including S29.8 mil- 
lion for land at Cape Canaveral, Fla., 
and 515.4 million for Saturn launch 

Following arc 100 companies and 
their subsidiaries listed according to 
value of NASA contracts awarded dur- 
ing Fiscal 1962: 
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ALTA Sees Need for Three New Aircraft 

Washington— Local service airlines estimate they may need three new aircraft to 
replace the Douglas DC-3 and lower their subsidy needs (AW Dec. 24. p. 24). 

These carriers' major interest is development of short-haul aircraft for low-density 
traffic areas that now require the most subsidy. At least two types will Ire needed, 
and possibly a third in some areas, they say. The more dense, long-haul routes are 
now being served adequately by Martins. Convairs and Fairchild F-27s. these 
carriers feel. 

Leslie O. Barnes, chairman of the Assn, of Local Transport Airlines' low-cost 
plane design committee, emphasized here last week that financial support for the 
new aircraft will be needed either from the manufacturers or the government. 
Barnes listed these items as basic design requirements for the new aircraft: 

• Operating cost not exceeding 40 cents per mile at 5! hr. per day utilization over 
average stage lengths of 80 mi. 

• Operating range of about 500 mi. with three stops and payload capacity of 

• Cruise speed between 250-350 mph.. with approach and stall speeds comparable 
to present DC-3. 

• Maximum landing weight should be same as take-off. allowing for initial ran 
up fuel consumption pins burn off over a 40-mi. flight. 



News Digest 


Can.idair, Ltd., will begin develop- 
ment of a tilt-wing twin-engine 1.000- 
lb. payload VTOI, reconnaissance and 
liaison aircraft designated the CL-84 
under sponsorship of the Canadian De- 
fense Research Board and with S10 mil- 
lion in funding approved by the 
Canadian Treasure Board. Powerplants 
will he two Pratt & Whitney FT 6 
turboprop engines driving four bladcd 
Curtiss Wright glass fiber propellers. 

lupitcr intermediate-range ballistic 
missiles will be removed from Turkey 
and their targets assigned to submarine- 
based Polaris missiles. Turkish Foreign 
Minister Fcridun Cental Erkin said last 
week. The Italian government also an- 
nounced that it has approved a "mod- 
ernization of arms" plan that will result 
in withdrawal of Jupiters from Italv 
(AW fan. 21. p. 25). 

Color chart on the "Physical Prop- 
erties of Cislnnar Space" is available 
without charge from the National Aero- 
nautics and Space Administration’s 
Goddard Space Flight Center at Grecn- 
bclt. Md. Requests should be addressed 
to Goddard office of public information. 

fames f. Ling, Ling-Tcmco-Vought 
executive committee chairman, has as- 
sumed the duties of chief executive 
officer of the company, replacing Rob- 
ert McCulloch who retains his post as 
board chairman. 

Electronics System Division of Fair- 
child Stratos Corp. will open a plant 
in March at Blandcnsburg. Md.. for de- 
sign and production of ground station 
equipment for the Nimbus operational 
weather satellite system. The new plant 
will also make equipment for the Mc- 
Donnell RF-4C reconnaissance aircraft. 
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AIR TRANSPORT 


Bid to Extend Three-Class Fare Opposed 


Continental s report to CAB indicates passenger vol- 
ume increase of 30% on Clticago-Los Angeles route. 

By fames R. Aslilock 

New York— Continental Air Lines’ move to continue its three-class service 
through Oct. 26 has stirred new controversy with its three main competitors, 
who remain unconvinced of the concept's effectiveness as a market stimulant. 

Continental, in a report filed with the Civil Aeronautics Board last week, 
showed that its Chicago-Los Angeles passenger volumes rose >0' < during the 
first four months of the trial, much of this increase coming from newly at- 
tracted air travelers. Revenues on this segment increased 1 5% . the figures show. 


Carrier presented the report with its 
request that the service he continued 
beyond Feb. 28. Its report also showed 
that business for itself and the three 
other carriers involved increased to 
greater percentages during the experi- 
ment than traffic volume did for the en- 
tire domestic airline industry. 

However, the three carriers who. for 
competitive reasons, reluctantly joined 
in the project when it was inaugurated 
last August (AW Aug. Is. 1002. p. >7) 
do not share Continental's enthusiasm. 

Sources within both American Air- 
lines and United Air Lines feel that the 
project had done exactly what they ex- 
pected— diluted revenues and diverted 
existing traffic from the regular first- 
class and coach sections. 

Continental's three-class service, 
available on jet flights linking Chicago. 
Kansas Citv. Denver and I. os Angeles, 
offers a first-class section, a business 
class with fivc-abrcast seating, and a 
six-abreast economy-coach area. 
Matching Continental 

American converted its jets on these 
routes to match the Continental con- 
figuration. United modified it with 
two classes, economy-first class and 
economy-coach. Trans World Airlines 
established a "briefcase commuter" serv- 
ice on its Convair SSOs. which have 
fivc-abrcast coach seating. 

United officials granted that passen- 
ger volumes base risen somewhat on 
some of the routes where the service 
applies. But the increase was not 
enough, they say. to compensate for the 
lower fares, which in economy coach 
are 20% below existing coach rates. 

American spokesmen said that the 
lower fares have merely resulted in more 
people changing at Chicago while cn 
route to the West Coast, taking advan- 
tage of the S85 economy coach fare for 
Chicago-Los Angeles as opposed to the 
standard SI 04 coach rate. 


Because of this. American officials 
said, that carrier has had to abandon 
some of the previous nonstop frequen- 
cies between such points as Cleveland. 
Cincinnati and the West Coast, Trawl- 
ers preferred instead to go via Chicago 
to pick up the lower fares. 

Continental credits the lower fares 
with reversing a downward trend in the 
Chicago-Los Angeles market. Passen- 
ger volumes for all carriers on the route 
were down 7% in the first seven months 
of 1962, and revenues dropped 9% , the 
report showed. 

Continental also cited the service 
with producing the best Septcmber- 
Dcccmbcr period in the airline's 2S-year 
history. December showed an all-time 
high of 92.000.000 revenue passenger 
miles and 53.800,000 in revenues. 

Continental also said that while the 
tri-scnicc schedules represented only 
247?. of Continental's system-wide 
plane miles, the elimination of in-flight 
meal and liquor service for economy- 
coach passengers provided a S360.000 
reduction m expenses. 

Continental's report, which contained 
CAB figures on TWA, United and 
American as well as itself, said the pas- 
senger volumes for all four carriers be- 
tween Chicago and Los Angeles rose 
40% in December over the same 
month in 1961. In December. 1961. 
the volume was down 5.3% over the 
comparable mouth of 1960. 

Revenues in December were up 
23.17?. whereas in December of 1961 
a drop of 7.4% was recorded over the 
same month in 1960. Continental feels 
this indicates that many December holi- 
day travelers who formerly traveled by 
surface transportation, or not at all, 
were attracted in 1962 to the airlines. 

"We are particularly pleased that 
economy coach fares have attracted 
higher percentages of passengers from 
the infrequent or non-flying sections of 


the population— women traveling for 
personal reasons, people with incomes 
below S 3,000, travelers under 2 3 or over 
63. and first-time flyers," said Conti- 
nental's president. Robert l 1 '. Six. 

Neither United nor American are 
convinced of the accuracy of this con- 
clusion, which came after Continental 
conducted on-board surveys. 

“There may be some new business 
in this," a United official said, "but 
it is costing us money to carry it be- 
cause of these lower fates." 

Diversion from the higher-cost sec- 
tions in the Chicago-Los Angeles mar- 
ket was evident in the Continental re- 
port. In December, first-class passenger 
volumes dropped 16.97? among the 
four carriers over December, 1961. 
Coach traffic, reflecting the lower avail- 
ability of this seating as a result of the 
thrcc-class service, fell 69.2%. 

Chicago-Los Angeles figures showed 
that approximately 41 % of economy- 
coach passengers traveling through 
Scptembcr-Novcmber said they were 
diverted from higher-priced sections. 
However, another 47-50% said they 
would not have gone by air. or at all. 
had the lower fares not been available. 

Continental said that 6.403 business 
class travelers and 39,151 economy- 
coach fares gave the four carriers a 
combined total of 63.097 passengers be- 
tween Chicago and Los Angeles in De- 
cember. a 407? boost over the corre- 
sponding mouth in 1961. 

Revenue Total 

Four-carrier revenues totaled S6.3S2.- 
200 in December, a 23.1% rise, the re- 
port shows. 

Continental discounts the opinion 
that many transcontinental travelers arc 
changing at Chicago because of the 
fares. Septcmber-November surreys 
showed that of passengers in the busi- 
ness class section. 41-46% were origi- 
nated at Chicago, while approximately 
42% of those in economy-coach also 
started from Chicago. 

Continental officials said that the 
one-class service experiment United 
plans to initiate Mar. 10 between Chi- 
cago and San Francisco should provide 
more insight into public preference. 

Because of the prospect of Conti- 
nental's extension of the three-class serv- 
ice. United will not offer onc-class serv- 
ice in the Chicago-Los Angeles market. 
The proposed one-class fare of SI 1 1 to 
the West Coast would not be competi- 
tive with Continental’s S85 economy- 
coach rate on this ran. 
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Move by Northwest Would Stall Merger 

Washington— Northwest Airlines last week asked the Civil Aeronautics Board to 
dismiss the merger application of Pan American World Airways and Trans World 
Airlines, or to defer all procedural steps in the case until stockholders of both car- 
riers have approved the merger. 

In its motion. Northwest said that TWA and its major stockholder are engaged 
in a legal dispute over control of the corporation. The carrier charged that the 
trustees of the majority stockholder’s 787? ownership have not voted the majority 
stock in favor of the merger, and the trustee representing the major stockholder, 
although a director of TWA. has not signed the merger documents. Major stock- 
holder referred to is Howard Hughes. 

Northwest concluded that the single majority stockholder, under the terms of the 
merger, would have only a minority interest in the merged company, and added: 

"Neither the Board nor the President of the United States should be expected to 
act merely on the basis of views and recommendations of the carriers' boards of 
directors and managements." 

BAC 111 Operation Would Reverse 
Losses, Hawaiian Airlines Claims 


By L. L. Doty 

Washington— I lawaiian Airlines last 
week told the Civil Aeronautics Board 
that its planned purchase of three BAC 
1 1 1 turbofan transports wotdd result in 
a net profit before subsidy during their 
first vear of operation, compared with a 
net loss forecast in the same year for an 
all-Convair 340 fleet operation. 

In a detailed outline of forecasted 
cost and operating performance of the 
BAC 111. Hawaiian President Arthur 
D. Lewis presented to the CAB in a 
closed session his plans for introducing 
the first jet service into inter-island air 
services in mid-1965. The Board re- 
cently warned Mohawk that its purchase 
and operation of BAC Ills would not 
be underwritten bv federal subside (AW 
Dec. 24, p. 28). 

Hawaiian Airlines (HAL) pr i cd 
its argument for the purchase of the 
BAC Ills on the need for modern, tur- 
bine aircraft as a means of staying com- 
petitively strong. It held the BAC 111. 
which is powered by two aft-mounted 
Rolls-Royce Spey bypass engines, is so 
advanced that a competitor could not 
better its performance, and added that 
that airplane would have a long in- 
service life and would not become ob- 
solete by normal design improvements. 

HAL lias suffered severely at the 
hands of its sole island competitor. 
Aloha Airlines, since that carrier intro- 
duced Fairchild F-27 turboprop trans- 
ports on its routes almost four years ago 
(AW Nov. 16. 1959, p. 44). During 
that time, HAL’s share of the Hawaiian 
market lias dwindled from some 79% 
of all traffic to about 5576. 

In its future planning, HAL said the 
three BAC Ills would serve the major 
route segments between Honolulu and 
Kauai, a distance of 102 mi, with an 


average of 220 passengers daily, Hono- 
lulu to Ililo in the county of Hawaii, a 
216 mi. route, with 151 passengers 
daily; between Honolulu and Kona, a 
1 70-mi. route, generating an average of 
79 passengers each day; Honolulu and 
Kahului, 101 mi. with 181 passengers 
daily; and Kahului to Hilo. 121 mi. and 
40 passengers per day. 

Remaining routes, primarily very 
short-haul routes, will be served by the 
Convair 340 fleet. 

HAL said it had studied and an- 
alyzed virtually every aircraft available 
in today's market or on the drawing 
boards and rejected all of them for one 
reason or another in favor of the BAC 
111. For example, it said that such 
“paper aircraft" as the Fokker F-28 and 
the Douglas D-20S6B are without per- 
formance and weight guarantees or 
prices on which to detail cost projec- 

It found the Caravclle’s capacity and 
range capability too excessive for use on 
the inter-island route structure, and 
turned down second-hand piston-engine 
aircraft such as the DC-4 and DC-6 as 
lacking sales appeal in the turbine era. 
High plane mile costs were given as the 
reason for rejecting the Electra, and lim- 
ited capacity eliminated the F-27. 

Total direct operating costs of the 
BAC 111 were found to be only 20% 
higher than that of the Convair 340. ac- 
cording to the HAL study. Variable 
costs, exclusive of hull insurance and de- 
preciation. are slightly less than the 340. 
the study found, anil 12% lower than 
those of the Viscount 745 turboprop. 

On the basis of the variable costs, 
HAL concluded that extra sections can 
be flown more profitably with the BAC 
1 1 1 than witli either the Convair or 
Viscount. 

HAL told the Board that the cost per 


seat-mile of the BAC 111 is 15% less 
than that of the Convair 340, and 247? 
less than the Viscount 745. It added 
that the BAC 1 1 1 requires the use of 
onlv 67 of its 79 seats to achieve the 
sanic seat-mile costs of the 340. To 
achieve the same cost level, the Electra 
requires its full 96 scats, while the Vis- 
count requires 62 scats-six more than 
its actual capacity. 

Initial investment in the BAC 111 
has been estimated at 52.765,000 per 
airplane, plus allowances for import 
duties and customer modifications. In- 
vestment in spare engines and spare 
airframe and engine parts is estimated 
at S800.000 per aircraft. 

Because HAL believes that the BAC 
1 1 1 is not likely to become obsolete in 
the foreseeable future, the aircraft will 
be depreciated over a 20-vear period. 
HAL depreciated all its piston-engine 
aircraft over a seven-year period. 

In projecting traffic and financial re- 
sults for the first year of BAC 1 1 1 op- 
cration-mid-1965 to mid-1966-HAL 
assumed it would have two of its three 
BAC Ills oil order backed up by three 
56-seat Convair 340s and two pas- 
scnger-cargo 340s with 32 seats. 

It further assumed that inter-island 
traffic would continue to grow at the 
past annual rate of 3.37? for passengers 
and 776 for cargo, and that an addi- 
tional 57? increase in passenger traffic 
would he stimulated bv jet service. It 
also assumed that it would retain its 
>5% participation in the passenger 
market on competitive route segments. 

Revenue ton miles, under the pro- 
jection, arc expected to reach 9.6 mil- 
lion with the two BAC Ills in opera- 
tion. compared with 8.1 million revenue 
ton miles using seven 36-seat Convair 
340s and two passenger-cargo 340s. 
Load factor is forecast to be 58.7% 
with the two BAC Ills and the Con- 
vairs, and 54.3% with Convairs only. 

Operating revenues for the 1965- 
1966 12-month period are estimated bv 
HAL at S9.6 million with BAC Ill's 
and S7.9 million with 340s only. Op- 
erating revenues do not include sub- 
side pavmcnts. Total operating expenses 
are set at SS.7 million with BAC Ills 
and SS million without the jets. 

Without the BAC Ills. HAL fore- 
casts a loss of S279.000 for the 1965- 
1966 year, but predicts a profit of 5543,- 
000 with the two jets. 

With the BAC Ills. UAL told the 
Board it will need subsidy to cover only 
the final 1% of the 10% return on in- 
vestment allowable and the income 
taxes needed to net such a return. For 
this purpose, the carrier has estimated 
that SS2 1.000 will be required in fed- 
eral subsidy, compared with 51.2 mil- 
lion it would need with an all-piston 
fleet. It added that 77% of the federal 
subsidy paid to it will be returned to 
the federal government as income tax. 
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Kennedy Memo Maintains SST Timetable 


Washington— Timetable for develop- 
ment of a 0. S. supersonic transport was 
reaffirmed last week by President Ken- 
nedy despite failure of the Administra- 
tion to seek budgetary funds to sup- 
port the project through Fiscal Year 
1964 (AW Jan. 21, p. 40). 

In a memorandum issued last week. 
President Kennedy urged that the U. S. 
hold to "or better" the schedule laid 
down in 1961, “and reach firm decisions 
as soon as practical in 1964 on future 
actions concerning the development of 
a supersonic aircraft." The memoran- 
dum was issued at the request of Fed- 
eral Aviation Agency Administrator 
N. E. Halaby, who is also chief adviser 
to the President on aviation matters. 

The President’s admonition keeps the 
supersonic transport pro|cct on sched- 
ule. It also serves as a warning that re- 
quests for supplemental appropriations 
will not be submitted to Congress un- 
less they arc backed fey sound evidence 
that the project is operationally feasible 
and economically practical. 

A study prepared by an inter-agency 
government committee, which recom- 
mended SI 00 million in Fiscal 1964 for 
the opening phases of the development 
of a Mach 2.4 supersonic transport, was 
returned by Halaby to that group for 
further data on the financial aspects of 
the project. Halaby felt that lack of 
this economic information would 
weaken the ease when funds arc sought 
from Congress. 

Ilalabv underscored his position last 
week when he said: “We must have a 
safe, sound and profitable airplane. 
II the cost is so great that it forces the 


carriers into subsidy, then it will have 
been a failure." 

'Hie revised study, which will include 
more detailed cost elements, is to be 
completed on May 1. The implication 
is that if the study is then acceptable, 
supplemental appropriations will be re- 
quested so that the project can be 
launched immediately to enable the 
U. S. to stay in the race with the British- 
French project, which has a target com- 
pletion date of 1970. 

Chances that an economy-minded 
Congress would approve such funds are 
dim. However, because of strong gov- 
ernment department support for the 
project, the needed money may be 
drawn from the President’s contingency 

Only the Budget Bureau has indi- 
cated opposition to the project. 

The presidential memorandum places 
Halaby in complete charge of the cur- 
rent studies, with all other agencies re- 
porting to him and offering “whatever 
technical assistance lie may require." 
It also brings the Budget Director and 
chairman of the Council of Economic 
Advisors into active participation in the 
initial study phases of the project. 

The memorandum was sent to the 
Defense Dept., Commerce Dept.. Na- 
tional Aeronautics and Space Adminis- 
tration, CAB. FAA and Office of 
Science and Technology. 

In his memorandum. President Ken- 
nedy said: "As you know, the Federal 
Aviation Agency is conducting a two- 
year research and development program 
to determine the technical and eco- 
nomic feasibility of a supersonic air- 


craft. The Congress appropriated a 
total of S41 million in 1962 and 1964 
for this effort which I understand is 
progressing satisfactorily under the di- 
rection of the Federal Aviation Adminis- 

"Becausc of the potential importance 
of this project, it is essential that these 
decisions be made only after the most 
thorough evaluation of all the probable 
benefits and costs to the government 
and to the national economy," the Pres- 
ident said. 

President Kennedy noted in his 
memorandum that NASA was undertak- 
ing research and development “that will 
yield useful information on problems of 
supersonic flight.” However, NASA 
feels it can go no further in design work 
until the FAA and industry have de- 
cided upon a configuration. 

NASA feels that if funds arc obtained 
by late spring, design competition for a 
prototype could begin as early as Oc- 

Tlic airline industry hopes to de- 
velop a formal position on the super- 
sonic transport by the end of next 
month. Present consensus of industry 
feeling appears to be support for Halaby 
in his call for more factual cost infor- 
mation, The airlines feel there is a need 
to expedite the project for national 
prestige purposes, but they also arc 
strongly convinced that if the airplane 
is built, it must be a good one with 
favorable operating and cost charactcr- 

Although the airlines have been con- 
sulted during the two years of research 
on the project, most carrier officials 
feel the industry should be a stronger 
participant in the program. Several offi- 
cials have suggested that a separate in- 
stitution be created to handle the pro- 

Others are convinced that more out- 
side activity should be permitted, with 
less work being allotted to the "in- 
house" facilities of NASA and FAA. 
The industry has long promoted the 
idea of building two prototypes, a feel- 
ing shared by NASA, and a number of 
industry leaders have urged that com- 
petitive programs be undertaken to as- 
sure a well-designed and well-con- 
structed final project 

It is apparent that any disagreements 
which may exist between the agencies 
and within the industry arc minor, and 
can be easily resolved without upsetting 
the program's existing timetable. It is 
also apparent that the project has top- 
level support and that the need for the 
project is generally believed to be es- 
sential to the welfare of the U.S. air- 
craft industry and to the national 
prestige. 


Soviet Hypersonic Aircraft Predicted 

Moscow— Hypersonic flight with variable-wing aircraft that gather oxygen from 
the atmosphere will come in the not-too-distant future and will eventually prove 
dependable, cheap and simple. Soviet aircraft designer Artem Mikoynn predicts. 

Mikoyan said the problems of creating an aircraft that can travel at six or eight 
times the speed of sound arc extremely complex, but can be solved, lie believes 
such a "semicosmic’ aircraft will consist of several stages, with the last having vari- 
able geometry wings to insure considerable range and to permit low enough lauding 
speeds that conventional airfields can be used. 

Describing a concept similar to the U. S. Air Force's proposed Aerospace Plane, 
Mikovan said the fuel for a "semicosmic’’ aircraft would be composed of mixtures 
”uf winch one of the components would be oxygen taken from the atmosphere, 
according to the news agency Tass. Mikoyan’s ideas were expressed in an interview 
published in the January issue of the Soviet magazine Aviation and Cosmonautics. 
Tass said. 

Developing such an aircraft will require solving problems such as how to take 
advantage of the phenomena of air dissociation and ionization, and will require new 
heat-resistant materials and coolants, Mikoyan said. 

But these new vehicles will change man's concept of the duration of air travel 
substantially, lie said. Most common will be cargo aircraft that can fly to anv point 
on the globe and return. 

Hypersonic aircraft for research purposes may have ranges of several hundred thou- 
sand miles and be capable of making several circuits of the earth, Mikoyan said. 
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CAB to Require Air Travel Plan Rebate 

Washington— Universal Air Travel Plan members may collect a $2-niillioii windfall 
this year under a Civil Aeronautics Board ruling requiring rebate of $425 deposits 
on UATP cards or payment of 5% annual interest on each deposit. 

The order, passed by a 3-2 vote, included dissents from Board Members Chau 
Gurney and Whitney Gillilland, who criticized the interest rate as excessive. 

CAB issued its decision on the UATP after three years of investigation involving 
all credit plans offered by the airlines. It praised UATP for helping to develop air 
traffic in the past 26 years, but found that the plan often discriminates against 
individual card holders. CAB ruled that this problem could be overcome only by 
the payment of interest on the deposits. All other plans studied were approved in 
their present forms. 

Under the UATP, one individual or one company may deposit $425 for unlimited 

world-wide contracts having a total deposit valuation of $40 million. Tile Board's 
ruling, effective this month, requires either a return of the $40 million deposits or 
the payment of total interest amounting to $2 million by the end of this year. 

Major U. S. trunk carriers are expected to go along with the CAB order since the 
majority of UATP members arc American, and most of the total deposit money is 
held by U. S. carriers, including all international and domestic carriers and seven 
local service airlines. Balance of the UATP participants arc 23 foreign airlines, 
which accounts for a small percentage of total deposits. CAB estimated that more 
than 25% of all air travel is now handled through the UATP. 

In essence, the Board's order indicated that the airline industry has for many years 
enjoyed the use of UATP deposits without the necessity of paying interest for the 
money. It also noted that the $425 deposit discriminated against individuals unable 
to afford the sum. 

However, the Board emphasized its reluctance to require a return of the deposits 
because of the airlines' need to insure themselves against credit losses, and suggested 
the 5% interest payments as an equitable alternative. 

The majority said the rate was based upon average rates paid by public utilities 
for deposits and noted that airlines charge their "fly now pay later" passengers an 
interest rate of 12% per year. 

Gurney and Gillilland supported the principle of an interest charge, but con- 
tended that the majority failed to justify the 5% rate. Deposits with gas and electric 
utility' companies are a prerequisite to obtaining their service, whereas refusal to join 
the UATP plan does not prevent the passenger from securing air transportation, 
they stated. 


Air France Adopts BO AC ‘Show Us’ 
Attitude on Supersonic Transporl 


By Herbert J. Coleman 

London— Air France last week indi- 
cated it would adopt the same tough 
"show-us” attitude regarding the Anglo- 
French supersonic transport as that 
taken earlier by British Overseas Airways 
Corp. before placing any production 

BOAC had told both governments 
that while it was interested in the 
Mach 2.2 transport, it would not be 
pushed into a production decision until 
certain airline parameters had been re- 
solved to BOAC’s satisfaction (AW 
Dec. 19, p. 50). 

Speaking at a svniposium for airline 
chief engineers sponsored bv the Royal 
Aeronautical Society. Raymond Nivet, 
assistant technical director of Air 
France, said his airline could not be 
committed to purchase of the Mach 
2.2 transport until: 

• Air France had been convinced the 


supersonic transport met all safety cri- 
teria for the specialized operations it is 
designed for. 

• Air traffic control integration with 
subsonic jet traffic had been perfected. 

• Existing airports on Air France routes 
could handle the supersonic transport 
without undue difficulty. 

• Transport seat-mile costs would not 
exceed those of the present generation 
of subsonic jets. 

In general, chief engineers addressing 
the symposium urged a cautionary 
course on construction and utilization of 
the supersonic transport, an attitude 
for which they were chided by A. E. 
Smirnov. Aeroflot's general representa- 
tive for the United Kingdom: 

"I am surprised at the Conservative 
attitudes and points raised by the engi- 
neers here. In the Soviet Union and 
elsewhere. Aeroflot wants to save time 
for the passengers. 

“It is not necessary to fly from Mos- 


cow to Leningrad on a supersonic trans- 
port. But a flight from Moscow to New 
York, or Moscow to Vladivostok, is a 
different matter." 

Smirnov said Aeroflot and Soviet air- 
craft designers have been working on a 
supersonic transport for more than two 
years and indicated to Aviation Week 
& Space Technology that metal is now 
being cut for a prototype. He said the 
project is considered within Aeroflot as 
a normal future developmental program, 
logically following the subsonic jets now 
in service with the Soviet airline. 

Smirnov was supported in one sense 
by Frank W. Kolk. assistant vice presi- 
dent-engineering research and develop- 
ment or American Airlines, who said: 

“It’s a strange thing when a repre- 
sentative of the world's largest non- 
capitalist airline tells the capitalist air- 
lines how to run their business. It’s 
also right. 

"We know the supersonic transport is 
coining, and that we will have to live 
with it. What we must work on is how 
to use it as an airline tool. We can't 
afford to take a negative attitude.” 

Smirnov's comments were prompted 
by Nivet’s statement and others by 
Charles Abell, chief engineer of BOAC, 
and J. T. (Jack) Dyinent. chief engineer 
of Trans-Canada Airlines. 

Abell, who told the group "We need 
a great deal more convincing before we 
can get too enthusiastic." said he 
thought public reaction would be 
against the supersonic transport. 

He also considered a target date of 
1968 as optimistic, and said the answers 
to questions of noise, sonic booms and 
direct operating costs must be fully an- 
swered before an operator can make a 
decision to start cutting metal. 

Dvmcnt warned that neither design- 
ers nor potential operators are still yet 
sure of the effects of sonic booms and 
cosmic radiation, and they won’t be 
until the North American XB-70A su- 
personic bomber is well into its flight 
test program. He predicted that fuel 
costs will be 50% of direct operating 
costs, a situation that "puts the super- 
sonic transport beyond the pale” from 
an operator's standpoint. 

Dyinent called for a systems approach 
to supersonic transport development, 
ranging from concentrated programs on 
air traffic control, all-weather operations, 
boundary layer control and techniques 
of powcrplant development and usage in 
Mach 2.2 regimes. 

On the other hand, M. B. Morgan, 
deputy controller of aircraft (research 
and development) for the Ministry of 
Aviation, cited what he called the over- 
whelming importance of national pres- 
tige and technical fallout in the super- 
sonic transport program. He contended 
the bonus for improvement is far greater 
than that of the subsonic jet develop- 
ment program. 
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Egypt Seeks Long-Range Jets, U.S. Rights 


By Robert H. Cook 

Cairo, Egypt— United Arab Airlines’ 
ambition to become a leading carrier 
both in Africa and the international 
field is being jeopardized by financial 
problems and bilateral difficulties. 

Crux of the airline's dilemma is its 
inability to pay Export-Import Bank in- 
terest rates for the Boeing 707 long- 
range turbojet equipment it seeks, and 
the Egyptian government's failure to 
attain what it considers an equitable 
bilateral agreement that would allow it 
to serve New York. 

Egyptians are surprised that the U. S. 
policy for aid to Egypt did not rcsulHn 

line officials attribute this to "Zionist 
influence" in U. S. financial circles. 

There is little doubt that UAA needs 
a long-range turbojet, as it has increased 
its unduplicated route mileage to more 
than 30,000 in less than three years. 
Most of this mileage is served by a fleet 
of six de I lavilland Comet 4C jets on a 
route system extending east to Tokyo, 
Japan, north into Europe and Russia 
and west across Africa to Accra, Ghana. 
In addition to a Cairo-London-Ncw 
York route, the airline hopes to negoti- 
ate a South Atlantic route out of 
Conakry, Senegal. Ceylon and the Phil- 
ippine islands mav also be added to the 
UAA system. 

While the airline credits the Comet 
with earning most of its international 
revenues, UAA concedes that the air- 
craft has a problem of payload limitation 
on long-haul, non-stop flights. For ex- 
ample, on the 2,800-mi. flight between 
Cairo and Lagos, no more than 60 pas- 
sengers can be carried because of fuel 
requirements. 



\ 


NEW CAIRO AIRPORT will be operational by October, this year. Administration building 
above has control tower atop 12-story level. Cost of project, including an 11,250-ft. run- 
way, is estimated at $9-8 million. Two loading fingers will be added. 
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It is also significant that UAA's mos 
profitable routes arc from Cairo to Lon- 
don. via Rome. Geneva. Zurich and 
Frankfurt. Comet load factors on these 
routes are exceeded only bv the Cairo- 
Jeddah route, which serves the annual 
pilgrimage of Moslems to Mecca in 
Saudi Arabia. 

Domestically, the airline's internal 
routes are served bv five Vickers Vis- 
counts and five Douglas DC-3s. Part 
of the Viscount fleet provides some serv- 
ice to nearby points in the Middle East 
and the combined piston and turboprop 
fleet serves onlv about 1 5 points within 
Egypt. 

Even at a theoretical 100% load fac- 
tor. few of these routes can meet break- 
even costs because of the necessity to 
charge unusually low fares, the airline 
says. As an example, the 255-mi. DC-3 
flight between Cairo and Mersa Matruh 
costs the passenger onlv S7.50. The gov- 
ernment, which owns 51% of UAA 
Stock, subsidizes these losses, which 
amounted to 578,000, in 1961. 

Integration and operational costs of 
the Comet fleet have also created a 
strain on the airline's finances. Although 
its 1961 operating revenues increased 
about 30%. the company was forced to 
transfer 5557,533 from a special reserve 
fund to offset its increased depreciation 
and amortization costs. UAA made a 
modest profit in 1960 and predicts that 
it will break even in 1962. 

Geographically, UAA’s domestic 
operation docs not appear as vital to 


Egypt's future as is the ease with manv 
African nations. Most of Egypt’s 23 
million population is clustered around 
a narrow strip of the Nile, rarely exceed- 
ing 15 mi. in width, and no more than 

15.000 of its total 400,000 sq. mi. is 
inhabited. Rail and highway systems 
are being expanded and generally follow 
the course of the Nile and the Mediter- 
ranean Sea coastline. 

Tourism holds the greatest promise 
of future profit for both the country 
and the airline, the Egyptian govern- 
ment feels, and extensive development 
plans are already under way. Several 
public relations contracts have been let 
to both U.S. and British firms, under 
which fees are paid in relation to the 
number of tourists attracted. Egypt 
hopes the tourist trade will eventually 
reach 5280 million annually, or twice 
the earnings that Egypt realizes from 
the Suez Canal. 

Within the next three years the gov- 
ernment anticipates it will be host to 

100.000 Americans each year, and hopes 
to be attracting 1 10,000 British subjects 
per year by 1967. In 1961. 42,500 U. S. 
tourists and 17,600 British travelers 
visited Egypt. Tourist income from each 
country is expected to reach an esti- 
mated $18 million annually. As part of 
this effort, Egypt is trying to reach 
agreements with manv foreign airlines 
to conduct publicity campaigns aimed 
at increasing the flow of tourists to 
Egypt on their own route systems. 

UAA’s problem in financing long- 


range equipment could jeopardize its 
intense desire to become the dominant 
pan-African carrier. A year ago. after 
Syria quit the United Arab Republic, 
the company decided to retain the name 
United Arab Airlines in the hope that 
other Arab and African carriers might 
link their international routes to UAA 
under Egyptian leadership. The airline 
has already concluded several beneficial 
bilateral agreements, and is expected 
eventually to seek a transpacific route 
between Tokyo and San Francisco. 
UAA has obtained entry rights into 
several British territories in Africa and 
Southeast Asia, is expected to seek en- 
try into Brazil and has currently re- 
opened bilateral talks with the U. S. 
for entry into New York. 

However, achievement of these goals 
would amount to little more than a 
diplomatic victory, without the equip- 

tional system in the face of expected 
new competition from both European 
and African carriers. 

Any Egyptian overtures to bring the 
airlines of Libya, Tunisia or Algeria— 
which it now serves-under the UAA 
banner would also require some degree 
of assurance that the combined opera- 
tion would be profitable enough to 
justify participation. 

Purchase of the Comet fleet cost 
UAA an estimated S30 million. The 
addition of five Boeing 707-320Bs, 
along with spare parts and ground facil- 
ities, would cost about 550 million and 
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45 tons of cargo 



or 188 passengers 


The brilliant new Boeing 707-320C cargo jet offers operators 
the lowest ton-mile costs of any transport aircraft, existing 

The main compartment provides 8.072 cubic feet of cargo 
space. Two lower compartments provide 1.720 more. The 
-320C can carry 45 tons of freight over a range of 3.500 
miles. Cruise speed with full payload is 575 mph. providing 
next-morning delivery of volume cargo . . . across a continent. 

Conversion from air freighter to luxurious Boeing Inter- 
continental jetliner — or any cargo/passenger combination 


advantage of varying cargo or passenger traffic. 

A development of the Boeing i07-320B turbofan Inter- 
continental. the -320C incorporates the same major systems 
and components. Airlines realize substantial savings through 
standardized spare parts, ground handling equipment and 

17-320C jets, offering unequalcd payload, speed 
capabilities, have already been ordered hv 
Airlines, Pan American World Airways and 





New Presidential VC-137C Has Increased Range 

Boeing VC-137C turbofan transport for the President and other higli government officials has a range of 7.000 stat. mi., an increase of 
2.500 stat. mi. over the earlier VC-137A. New aircraft recently was delivered to USAF Special Air Missions squadron of the Military Air 
Transport Service. Cruising speed of the VC-137C is 550 mph. and it can operate from shorter runways than its predecessor. VC-137C 
is equipped with improved long-range radio and teletype communications systems. 


jump its long-term debt for jet aircraft 
to around S80 million. Its original 
capitalization 50 years ago was SSI. 000. 
and now stands at S3. 7 million, but 
could require a heavy increase if more 
jets arc purchased. 

UAA is strenuously opposed to the 
5.75% interest rate desired by the Ex- 
port-lmport Bank for financing of the 
jets. It has received tacit agreement 
from the Agency for International De- 
velopment to cover the one-third of the 
loan needed to finance ground equip- 
ment and hangars. Because of this sup- 
port. and Boeing's plan to build an over- 
haul base in Cairo, the airline feels that 
the Export-Import Bank should be will- 
ing to charge a much lower interest 

UAA has talked to Douglas about the 


Belfast Jet Version 

Short Brothers & ilarlund has de- 
signed a jet-powered version of the Bel- 
fast turboprop freighter now being built 
for the Royal Air Force in Northern 
Ireland. Company had previously con- 
sidered the jet Belfast but had post- 
poned plans in favor of pushing the air- 
plane as a civil turboprop freighter (AW 
Nov. 6. 1961, p. 65). Jet Belfast fea- 

tail has been redesigned to a T-con- 
figuration. 

Powerplants would be four Rolls- 
Royce Comvay 42 series engines. Maxi- 
mum range is 6,000 mi., and payload 
would be 125.000 lb. Passenger version 
would carry 200 persons. Jet Belfast 
would be competitive with the Lock- 
heed C-141 jet freighter. 


DC-S and British Aircraft Corp. regard- 
ing the VC. 10. but maintains that the 
Boeing is Still first choice. 

However, the airline emphasizes that 
it can not wait too long and may decide 
to purchase the VC.10 as an alternative. 
BAC has not only offered more lenient 
financing at lower interest rates, but 
has agreed to accept Egyptian pounds 
in payment and is in a position to pro- 
vide better aircraft servicing facilities, 
UAA claims. 

There are still two possibilities bv 
which the airline might acquire Boe- 
ings. One would be reducing the order 
to only two aircraft, and the other 
would be an agreement similar to a 
BAC proposal— under which final credit 
terms would be tied to a barter agree- 
ment for the import of Egyptian cotton. 

U. S. bilateral negotiators are now 
in Cairo continuing talks on UAA en- 
try into New York. Egypt originally 
sought San Francisco entry as well as 
New York, but later agreed to limit dis- 
cussions to the North Atlantic. 

Egypt was offered Trans World Air- 
lines' present New York-Cairo routing 
through London and Paris, but rejected 
the offer on grounds that, under the 
tenns of reciprocity, it should be granted 
not only TWA's route with all present 
European stops but a southern route 
sersing Madrid and Rome as well. 

Refusal of the U. S. to grant Egypt’s 
bilateral wishes. UAA contends, was 
done on the ''pretext" that the revenue 
potential of an Atlantic route far out- 
weighs the traffic value of anything 
Egypt can offer. 

UAA contends that the real reason 
behind U. S. refusal of its requests is 
a desire to protect the interests of 
TWA, which has been operating over 


the routes for 16 years. The airline 
further argues that, even if granted the 
routes, it would lack sufficient flight 
equipment to compete against TWA. 

Spain has granted UAA through and 
beyond traffic rights necessary for a 
transatlantic route, and while the Egyp- 
tian government could retaliate against 
the U. S. by blocking TWA at Cairo, 
UAA concedes that such bilateral war- 
fare is far overshadowed by the more 
important problem of acquiring long- 
range turbojets. 


Indian Overhaul Plant 

New $1,050,000 jet engine overhaul 
facility was recently opened by Air-India 
at Bombay's Santa Cruz airport in a 
move designed to substantially reduce 

tures as well as bolster the nation's tech- 
nological potential. 

Designed for complete overhaul and 
repair of the carrier's 17,500-lb.-thrust 
Rolls-Royce Conways that power Air- 
India’s six Boeing 707-427 jet transports. 

gincs per month in the initial buildup 
stages, although it is designed to handle 
12 per month if necessary. Present ap- 
proved time between overhaul for the 
engine is 2.300 hr., with trial extensions 
np to 2,600 hr. 

Previously. Air-India shipped its Con- 
ways back to Rolls-Royce for overhaul 
at a cost of SI 4.700 per engine. The air- 
line estimates that domestic overhaul of 
the powerplants will save the company 
approximately $735,000 per year in for- 
eign exchange, a particularly critical 
item as the country attempts to shore 
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Cost-cutters 

With a helicopter, it’s axiomatic: to cut costs, cut downtime. 

Sikorsky does. The new twin-turbine S-61 is authorized 1,000 
hours time between overhaul. That’s long enough for it to 
make four trips around the world. 

This economy is another aspect of Sikorsky’s leadership in 
vertical flight. Through such proven performance — and continu- 
ing progress— Sikorsky is creating a new world of mobility. 


Sikorsky Aircraft 
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Isn’t it time we had 
a one-class service 
on big jet aircraft? 


There are many of us at United who 
have been in air transportation since its 
inception. We saw it introduce a standard 
of personal service that was unique in in- 
dustry. But now we question whether a 
concept of transporting masses-rather than 
individuals-is not threatening to take over 
and blot out the human aspects of this 
business. 

First and Second Class 

We have a situation on our jet aircraft 
today that merits serious examination. 
Where we once had coach and first class on 
different airplanes, we now have them on 
the same plane. 

Both classes enjoy the same speed, get 
there at the same time. Most first class 
passengers value and appreciate the extra 
service and space they enjoy, but some feel 
they pay too much for what they get. And 
in our opinion the coach passengers do not 
get enough in terms of sufficient space for 
comfort and for unimpeded movement on 
and off the aircraft. 

Moreover, because the coach section 
takes the larger part of the plane, most of 
the people aboard are unavoidably given the 
feeling they are second class citizens. 

A Confusion of Fares and Services 

In an attempt to provide some sort of 
compromise, the airlines have lately been 


introducing even more classes. There are 
now first class fares and “economy first 
class” fares; coach fares and “economy 
coach” fares; and lots more-each with its 
type of service. 

The net result is a jumble that not only 
confuses the public, but also increases many 
handling costs. For example, the extra 
work, supplies and equipment required by 
multi-fares and multi-services cost United 
nearly $6,000,000 annually. 

How much better it would be to provide 
an improved, yet simplified, sendee that 
offers greater value to the passenger and 
at the same time reduces airline costs. This 
is exactly what we propose to do. 

United Air Lines’ 

New One-Class Service 

Beginning on March 10th, United will 
provide one-class jet service between San 
Francisco and Chicago, and Chicago and 
Cleveland. Shortly thereafter, we will intro- 
duce one-class service between Cleveland 
and Newark, and San Francisco and Seattle. 

We are altering the present configura- 
tion of some of our 720 Jet aircraft to pro- 
vide a single class of comfortable three- 
and-two seating throughout the airplane, 
distributing space more equitably and mak- 
ing the aisle wider. 


Along with this will go a single class 
of in-flight service, without frills, but with 
complimentary beverages and tasteful 
meals, graciously served. 

Those accustomed to coach will enjoy 
greater comfort, more spaciousness in terms 
of both seating and aisle, and some services 
they do not enjoy at present. Those who are 
accustomed to first class will lack nothing 
in the way of a good meal and the refresh- 
ment that now goes with it. 

Because of the economies effected by a 
simplified, uniform service, this one-class 
jet travel— attractive to everyone— will be 
made available for only a few dollars more 
than present coach fares. 

A Better Value for 
More People 

The wonderful speed and ease of jet 
travel have immeasurably widened the hori- 
zons of our business, social and recreational 
lives. And jet transportation should be so 
conducted as to give as many people as 
possible the best possible service at a price 
fair to all. 

In furtherance of this aim we have filed 
a tariff with the Civil Aeronautics Board 
to offer these one-class flights between 
Chicago and San Francisco at only $111. 
This is $24.40 less than first class fare and 


only $6.55 more than coach. New tariffs, 
representing comparable values, have also 
been proposed for the other cities which 
will receive this service. 

Reservations will be accepted now but 
no tickets will be sold before approval by 
the CAB. 

It has always been our practice to stay 
close to those who fly with us, to talk with 
thousands of travelers everywhere, and to 
suit our service to their needs. If you have 
occasion to use any of these flights, we will 
welcome your comments. Or if you have an 
opinion now, we would very much like to 
hear from you. 

Your suggestions and support can help 
us bring about a more equitable and satis- 
factory standard of jet travel for all. 

PRESIDENT 


UNITED AIR LINES 



UNITED 



THE EXTRA CARE AIRLINE 


AIRLINE OBSERVER 

► Four carriers— American, Braniff. Eastern and Northeast— reported declines 
in revenue passenger miles for December compared with the same month 
last year. All 1 1 trunklines showed a drop in first-class revenue passenger 
miles for the month, hut only two carriers— Eastern and Northeast— failed to 
record a gain in coach revenue passenger miles. Slight industry increase of 
1.9% in total traffic for the month (AW Jan. 21. p. 52). contrasted to an 
1 1 Vo increase in December of last year, is not being interpreted as a sign that 
traffic gains are beginning to level off. Weather in the past two months has 
been a major factor in the slowing down of traffic growth. Early estimates 
reveal that several carriers are anticipating a 6-S% traffic increase for 1963. 

► Local service airlines operated 1.6 billion revenue passenger miles in 1962, 
an increase of 19.6% over the volume handled in 1961. Load factor for the 
year was 42.3%, compared with a 41.6% load factor achieved in 1961. 

► Third level airline' .ire joining force 1 ' to fight recent moves bv local service 
airlines to retain control of feeder line operations through the development 
and use of a low cost small transport. Third level carriers last week 
formed the National Assn, of Third Level Airlines, with John L. Freiberg 
of Trans Air Lines of New Orleans as its first president. Directors are Ross 
Miller. Tag Airlines. Detroit; Richard A. Henson. Henson Aviation. Hagers- 
town. Md.: Milford Clements. Apache Airlines. Tucson; and Joseph C. 
Whitnev, Executive Airlines. Boston. All third level carriers have been 
invited for the opening membership meeting in Washington. Apr. 18. 

► Industry attacks on the proposed American-Eastern merger were renewed 
last week with the filing of briefs with the Civil Aeronaut!' x Board in the 
merger case. Delta, the most articulate of merger opponents, led off the 
latest charges, warning that the merger would be a “mammoth” step toward 
the eventual shrinking of the industry to “three or four super carriers.” 

► Federal Aviation Agency will require all airline turbojet transports and all 
other civil aircraft flying instrument flight rules above 24.000 ft. to be 
equipped with distance measuring equipment after June 30. Requirement 
will later be extended to all air carriers operating IFR, regardless of altitude, 
under this schedule; turboprops on Jan. 1, 1964: pressurized piston-engine 
aircraft on July 1, 1964; and other aircraft having a maximum takeoff weight 
above 12,500 ib. on July 1, 1965. 

► Current noise abatement restrictions requiring pilots to operate aircraft at 
or above a fixed angle of descent to the runway threshold during a visual 
approach have been lifted bv the FAA. Pilots will now be pennitted to use 
their own judgment as to which point aircraft should drop below the slope 
angle to complete a safe landing. FAA said aircraft would nonnallv be past 
populated areas when this descent would be made, so that noise abatement 
is not a consideration under the new ]>lan. Rule will apply to runways 
equipped with visual glide slope indicator lights but not to those with ILS. 

► Russian aircraft designer. Oleg K. Antonov, claims that the An-24 turbo- 
prop transport is expected to have a life of 30.000 flying hours, which “means 
an An-24 can remain in service for 10-15 years.” 

► Justice Dept, has reported that the number of claims pending against the 
federal government from aviation accidents reached a total of 300 at the end 
of 1962, compared with 82 claims pending on July 1, 1961. Department 
said that about two-thirds of the pending claims arise out of 10 big aircraft 
disasters, and said that when a mid-air collision occurs, over 100 law suits 
may be filed against both the airlines and the government. 

► Final report recommending a U. S. policy on international air transporta- 
tion went to the White House last week. The report was to be presented 
to the President last Dec. 1 5. but disagreements within the interagency 
government committee, which formulated the policy from studies conducted 
by private research firms, delayed the program. The entire report will not be 
released to the public, but it will closely follow details of the study first dis- 
closed by Aviation Week & Space Technoi.ocy (Oct. 1. p. 28). 


SHORTLINES 


► Afghanistan has signed bilateral air 
transport agreements with 14 nations: 
India. Soviet Union, United Arab Re- 
public. Turkey, Lebanon, Yugoslavia, 
Czechoslovakia. Italy. France, Iran, 
Switzerland, Hungary, Svria and Hol- 
land. 


► Air Transport Assn, has created a 
Market Development Advisory Croup 
of the Air Traffic Conference of Amer- 
ica to develop means of broadening 
the air travel market. Seven top sales 
executives from trunklines and local 
service carriers will serve on the group. 

► Allegheny Airlines last week reported 
it carried 19% more passengers and 
handled 26% more cargo during 1962 
than it did the previous year. 


► Aloha Airlines said last week that it 
carried 44.5% of all inter-island air 
passenger traffic in 1962 and expects to 
show a net profit of S50.000 for the 
year, excluding federal subsidies. 

► Bonanza Air Lines carried 425.475 
passengers in 1962. a 35% increase 
over the 316.040 carried in 1961. 

► Federal Aviation Agency has acquired 
eight six-place, twin-engine Becchcraft 
Queen Air 80 transports under a lease- 
purchase agreement for use in in-flight 
evaluation of air traffic control systems 
and pilot proficiency checks. 

► International Air Transport Assn. 

will open a new technical liaison office 
for South America and the South At- 
lantic this week in Rio dc Janeiro. 

► Pacific Air Lines has filed an applica- 
tion to provide helicopter service in the 
San Francisco Bay area and to the Oak- 
land and San Francisco airports 

► Pan American World Airways has 
filed a tariff with the Civil Aeronautics 
Board calling for the transportation of 
golfing equipment, in excess of the 
free baggage allowance, at a cost of S6 
on flights to San Juan, Puerto Rico. 


► Scandinavian Airlines System has re- 
ceived approval of International Air 
Transport Assn, members to operate 
Douglas DC-7C flights between the 
II. S. and the Scandinavian countries 
at fares matching those charged by non- 
IATA carrier Loftleider. the Icelandic 
airline (AW Jan. 14, p. 42). New fares 
will go into effect Oct. 1 if approved 
by the governments involved. 
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Megawatts at L band . . . 


A megawatt or more at X band . 


or in between 




‘Fixad-tuned— optimiied (or llneor accelerator service. 


For details on Sperry’s broadband, high aver- 
age power, phase linear, high pulse energy mega- 
watt klystrons, write Section 178. Information 
about a wide selection of classified Sperry micro- 
wave lubes is available with proper security clear- 
ance and "need to know." Sperry is represented 
nationally by Cain & Co. 
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Largest launch vehicle chamber manufactured in the U. S. is to be completed this week at Sun Shipbuilding & Dry Dock Co., Camden. 
N.I.. under contract to the Aerojet-General Corp. Chamber has a 280-in. inside diameter, weighs 9-1 tom and is 60 ft. long. Aerojet is 
competing for USAF large solid-propellant motor contract (AW Jan. 21. p. 37) and plans to use tank to develop handling, transportation 
and loading procedures. Photo above shows vehicle's fifth section in foreground, forward dome in background. 


280-in.-dia. Rocket Case Constructed at Shipyard 


Welders complete the form used to manufacture fore and aft end closures for the Aerojet test chamber. The chamber will be shipped by 
barge down the Intcrcoastal Waterway to Aerojet’s plant in Dade County. Fla., where it will be loaded with propellant. 




Skirt is dropped over the aft end closure of the test case (left). The skirt is used as the handling structure in manufacturing and transpor- 
tation. Dollar plate closure (right) is positioned on the forward end of the chamber. A hole will be cut in the plate to insert the igniter. 
Aerojet does not plan to static-firc the first model. 



for support and will be removed when the casing is loaded with propellant at the Florida plant. 
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A new solid stale radar system built by STL engineers and 
scientists can send out and receive signals at X-band fre- 
quencies to help man rendezvous and dock vehicles in 
space. STELATRAC is its name. It is the first solid state 
system of its kind. The X-band transmitter is shown above. 
It has successfully passed temperature and vibration tests. 
STELATRAC can also be used as a command link between 
vehicles in flight. By altering its module design, the flexible 
radar system operates as an altimeter and doppler velocity 
sensor to guide spacecraft safely to the surface of the moon 
and planets. Today STL is busy on many such projects as 
STELATRAC. STL is also prime contractor for NASA’s 
OGO and a new series of classified spacecraft for Air Force- 
ARPA. And STL continues Systems Management for the 


Air Force's Atlas, Titan and Minuteman programs. These 
activities create immediate openings in Theoretical Physics 

• Systems Engineering • Radar Systems • Experimental 
Physics • Applied Mathematics • Space Communications • 
Antennas and Microwaves * Inertial Guidance * Analog 
Computers • Solid State Physics • Computer Design • 
Telecommunications • Space Physics • Digital Computers 

• Guidance & Navigation • Electromechanical Devices • 
Engineering Mechanics • Aerodynamics • Propulsion 
Systems. For Southern California or Cape Canaveral 
positions, write Dr. R. C. Potter, Department A-l-5. 
One Space Park, Redondo Beach, California, or Box 
4277, Patrick AFB, Florida. Your inquiry will receive 
a prompt reply. STL is an equal opportunity employer. 




SPACE TECHNOLOGY LABORATORIES, INC. 

a subsidiary of Thompson Romo Wooldridge Inc. 
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Paraglider Test Problems Affect Gemini 


Houston— Paraglider landing system 
development and procedures problems 
may further delay the first Gemini mis- 
sion since only one success has been 
recorded in five drop tests of the svstem 
at Edwards, Calif. 

Drop test program began last August 
and the only successful paraglider land- 
ing was made Oct. 23. The most recent 
failure occurred Jan. 8. 

Drop test problems have largely cen- 
tered around test procedures according 
to National Aeronautics and Space Ad- 
ministration. North American Avia- 
tion's Space and Information Systems 
Division, recovery system prime con- 
tractor, said there had been some prob- 
lems in the tests but considered them 
an inevitable part of any development. 

Both NASA and North American 
agree that validity of the paraglider 
concept has been demonstrated and 
no state-of-the-art problems have been 
uncovered in these tests. 

First orbital flight presently is eight 
to nine months behind schedule be- 
cause of funding shortages (AW Jan. 
14, p. 38). If it appears that the para- 
glider would further delay the program, 
NASA may decide to substitute a para- 
chute landing svstem similar to that 
used in the Mercury program, at least 
for the first and possibly second (lights. 
Parachute system is being carried as a 
backup and would be discarded when 
the paraglider is operational. 

Two Capsule Models 

Two capsule models have been 
dropped in five tests. Both models and 
their inflatable wings had been scaled 
down 50% in linear dimensions. Both 
capsules weighed about S50 lb., but one 
was ballasted with an extra 75 lb. for 
test purposes. 

Heavier capsule model, dropped in 
three of the five tests, had been towed 
at the end of a 400-ft. cable to an alti- 
tude of about 8,000 ft. by a Sikorsky 
11-37 helicopter with paraglider wing 
inflated and deployed on the ground 
prior to takeoff. Purposes of these tests 
were to determine sink velocities and 
preflare attitudes of the capsule-wing 
combination. Preflare is a semi-dive 
attitude which builds velocity for the 
flare maneuver and which precludes 
stalling. These predeployed tests were 
made Aug. 17. Aug. 23 and Oct. 23. 

Lighter model had been dropped on 
two occasions, Dec. 10. 1962, and Jan. 
S, 1963, from the H-37. On these 
drop tests, the paraglider was stowed 
within the cylindrical neck of the cap- 
sule model as it would be on opera- 
tional Gemini spacecraft. The model 
was carried beneath the H-37 in a har- 
ncss-like sling and then dropped at 


an altitude of about 12,000 ft. Purpose 
of these tests was to gather data on the 
deployment sequence of the wing and 
the dynamic loads of deployment. 

On the first tow test of the prede- 
ployed capsule and wing combination, 
last Aug. 17. the tow line was inad- 
vertently released before planned alti- 
tude was achieved and the Gemini 
model flew back to earth, suffering very 
minor damage. Faulty operation pro- 
cedures were cited by NASA for the 
premature tow release. 

Capsule and its wing were towed at 
a too-high velocity and the combination 
started to fly up under the H-37 toward 
the rotor. Tow line then was released, 
but at the helicopter terminal and not 
at the capsule end. Model then de- 
scended to the ground, carrying the 400- 
ft. cable from its nose. Free-swinging 
cable induced a roll in the capsule as it 
contacted the earth and the model 
banked as it touched down, causing 
several dents in the vehicle. 

On the second tow test of the pre- 
deplovcd wing last Aug. 23, the wing's 
angle of attack was set for a preflarc 
attitude instead of the glide position 
called for in the test plan. Angular 
difference between the two attitudes is 
about 10 deg. in the wing setting and 
about 22 deg. in the capsule's angle of 
incidence. As a result of this incorrect 
setting, the half-scale model dropped 
at about 48 fps. instead of the nominal 
22 fps. Ground controllers finally de- 
ployed the model's emergency thrce- 
paraclmte back-up system through the 
remote control radio link with the cap- 
sule. The model landed heavily and 
several internal bulkheads buckled. The 
damage was judged to be repairable. 

Drop test last Oct. 23 was considered 
successful and no serious problems in 
procedures or performance of the model 
were encountered. 

The Dec. 10 drop test— first of two 
missions to exercise actual deployment 
of the folded paraglider from its stowed 
position in the capsule’s cylindrical neck 
—failed completely because of the way- 
in which the capsule was slung beneath 
the H-37. 

NASA had directed North American 
to carry the model with the blunt end 
facing in the direction of the helicop- 
ter’s flight. This is the direction an 
operational Gemini spacecraft would be 
facing after re-entering the earth’s 

Carried cither blunt or narrow end 
first, the capsule model is acrodynami- 
cally unstable when slung beneath a 
helicopter and tends to turn 90 deg. to 
the flight path direction. North Ameri- 
can decided that the instability was less 
severe with ‘he model carried narrow 


end-first. They slung the model narrow 
end, or cylindrical neck, first in the 
harness and attached static lines from 
the helicopter to the capsule. Idea was 
that after the harness lanyards had been 
severed by squib cutters, the static lines 
would hold just Ions enough before 
parting to flip the capsule over to the 
desired blunt end-first attitude. 

On this test, the capsule flipped as 
expected but continued to flip end over 
end in a pitching tumble. An attempt 
was made to. deploy the paraglider. By 
this time dynamic forces and instability 
were so great that the effort was not 
successful. Emergency parachutes were 
deployed and the capsule model recov- 
ered without major damage. 

On the most recent drop test, the 
wing’s nylon fabric failed. NASA still 
is investigating this failure, but indica- 
tions are that the sail material was 
below strength. Sail, which billows be- 
tween the three booms of the para- 
glider, was sprav-painted with North 
American's and NASA's lettering. It is 
possible that the paint had a deleterious 
effect on the material and that the nylon 
consequently parted. Emergency para- 
chutes again were used and major dam- 
age was experienced in the course of a 
hard impact landing. Nylon is being 
used only on the development models. 
Parachute System 

There have been eight drop tests of 
the Gemini capsule with the parachute 
back-up system, beginning last May 24 
with a half-scale model. Four of these 
tests have employed half-scale boiler- 
plate models and four full-scale boiler- 
plates. 

Half-scale and unmanned full-scale 
tests are expected to continue until all 
test objectives are satisfactorily met. 
NASA, although having no doubts about 
the paraglider concept, would like to 
sec about four to six consecutive com- 
plete successes before it feels that the 
procedure problem has been solved. 
Goodyear was selected to develop the 
fabrics as a subcontractor to North 
American and this w’ork was said to be 
proceeding satisfactorily. 

A synthetic material called Fortrel 
will be used for the sail and dacron on 
the booms. 

Present planning envisions two or 
three qualification tests of the paraglider 
system, using flight-configured and 
manned Gemini capsules dropped from 
C-130s. Gemini flight crews arc sched- 
uled to practice landings in a yet-to-bc- 
built trainer which will resemble closely 
a Gemini operational spacecraft but 
which actually will be a modified boiler- 
plate model. Trainer will be towed 
to altitude by helicopter. 



PSEUDO-GRAVITY DUMBBELL CONFIGURATION station (left) shows terminal rendezvous sequence of ferry vehicles with non-rotational 
docking hub. Cutaway view of zero-gravity configuration (right) depicts docked ferries and interior arrangement. Approximate dimen- 
sions include a length of 70 ft. and a 20-ft. diameter at the midsection. 


Pseudo-Gravity Space Station Proposed 


By Warren C. Wetmore 

New York— Concept of a manned 
dumbbell-configuration space station, to 
be assembled in orbit in the 1967-69 
period -bv multiple launches employing 
anticipated state-of-the-art booster tech- 
nology in conjunction with rendezvous 
techniques, was detailed at the Institute 
of the Aerospace Sciences meeting here 
last week. 

Joseph F. Slomski of General F.lectric 
Co.'s Missiles and Space Division pre- 
sented the results of the company- 
funded study of -the engineering design 
of such a space station, which could be 
applied to Air Force’s Manned Orbital 
Development Station (MODS) or to 
the National Aeronautics and Space Ad- 
ministration's Manned Orbital Space 
Station (MOSS) concepts. 

Possible station missions include: 

• Personnel training operations under 
zero- and pseudo-gravity conditions. 

• Meteorological and astronomical ob- 

• Orbital launch platform for lunar and 

• Logistics depot for repair, resupply 
and refueling of interplanetary space- 
craft and satellites. 

• Research laboratory for space sciences. 

• Communications and navigation sta- 

• Development station for space sys- 

• Military function development labora- 


tory -for such missions as reconnaissance 
and missile launching. 

Mission design constraints— which 
were chosen purposely to reflect state- 
of-the-art considerations in all aspects— 
call for a rendezvous-compatible 260- 
nant. mi. circular orbit. Station mod- 
ules are to be launched at an inclination 
of 30 deg. from Cape Canaveral, Fla., 
using Titan 3C or Saturn Cl-B boost- 
ers, with Titan 2 as a backup launch 
vehicle for intermediate resupply. 

Logistics and personnel ferries could 
be Gemini or Apollo spacecraft with a 
minimum of adaptation for this mis- 
sion, or a new vehicle could be created 
for this specific purpose. 

Life expectancy of the station would 
be more than one year, and the antici- 
pated crew complement is four or more 
men, depending on the configuration of 
the station. Ferry recovery would be 
over land, using a Rogallo-type para- 
glider for maneuverability. Existing 
Mercury/Apollo network would fulfill 
communications and tracking needs. 

Selection of the type of station to be 
used was a matter for considerable 
study. One concept, suggested by Gen- 
eral Dynamics Astronautics' Krufft A. 
Ehrickc and others, involves the utiliza- 
tion of an upper booster stage as a 

This idea was discarded because of 
the problems associated with in-orbit 
conversion of the stage to living quar- 
ters, including venting and flushing of 


the fuel tank to prevent contamination, 
radiation and meteoroid protection of 
crew and equipment, difficulty in fur- 
nishing the tank with life support, en- 
vironmental control and electronics. 

Large, self-erecting toroidal pseudo- 
gravity station concept was rejected for 
reasons of engineering complexity, cost 
and weight, which would require a 
launch vehicle in the Saturn C-5 class. 
The latter consideration would push the 
operational date bevond the desired 
1967-69 period. 

Compromise solution between the 
above two approaches, known as an "in- 
tegrated maximum volume station” was 
finally chosen. This concept permits 
maximum possible station volume- 
500 cu. ft. per crewman— consonant 
with launch aerodynamics constraints, 
weight-lifting capacity and availability 
of operational boosters in 1967 period. 

In addition, this type of station could 
be operated as a single module for a 
zero-g satellite, or two modules could be 
joined into a dumbbell configuration by 
means of rigid boom, thus pennitting 
rotational pseudo-gravity. 

Primary physical feature of this 
scheme is the use of compartmentation 
—a concept borrowed from marine engi- 
nccring-which gives the station a sub- 
marine-like appearance. The advantages 
inherent in this technique are in the 
assembly, systems checkout, launch-site 
checkout and mating to the booster. 
Compartmentation is a safety feature in 
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space, since compartments may be iso- 
lated in the event of meteoroid punc- 
ture or other emergency, such as fire or 

Station compartments include labora- 
tories in the forward section, living 
quarters aft and a ferry docking and re- 
supply center in the center portion. The 
latter contains four docking ports, 
through which supplies may be un- 
loaded from the logistics vehicles, and 
two airlocks for personnel transfer. 

Spinning dumbbell configuration pro- 
vides for a hub docking area in the con- 
necting boom. For ease of docking, this 
hub, which could accommodate as many 
as eight ferries, would be non-rotating.’ 

Primary space station subsystems in- 

• Life support. Pressure of 7.0 psia. 
was selected for the environmental air, 
with oxygen as the prime constituent 
at its terrestrial sea-level partial pressure. 
Nitrogen is used as the diluent. Carbon 
dioxide removal is effected by means of 
a recycling molecular filter, and the 
amount of water vapor in the air is con- 
trolled by condensation on the thermal 
control coils. Potable water is obtained 
as a by-product from the hydrogen-oxy- 
gen fuel cells, thus making the reclama- 
tion of water from metabolic waste 
unnecessary. Nitrogen, hydrogen and 
oxygen are stored cryogcnicallv aboard 
the logistic ferries. 

• Electrical power. Fuel cells were 
chosen to supply the average station de- 
mand of 10 kw. during the mission be- 
cause of their simplicity, high efficiency, 
and expected availability during the 
1967-69 period. In addition, the cells 
and their fuels will be contained aboard 
the ferries, except for an emergency 


system in the station, thus allowing 
launch weight savings of about 7,200 
lb. Stored oxygen is used both for 
breathing and power generation, which 
makes the generation of biological oxy- 
gen by hydroponics or chemical means 
unnecessary. 

• Thermal control. Radiator system is 
used to maintain temperatures at the 
desired level in the space station. These 
devices are located in the ferries and on 
the after section of the station module. 
Use of alternate radiators, with coolant 
circulating to those with the most favor- 
able orientation, makes the system inde- 
pendent of the station roll attitude in 
relation to the sun. 

• Attitude control. Studies of the zero- 
and pseudo-gravity configurations led to 
the conclusion that a hot-gas system 
alone, powered by a hypergolic bi-pro- 
pellant combination of nitrogen tetrox- 
ide and monomethyl hydrazine (MMH), 
is preferable for the zero-g station. 
Studies also showed that a combination 
of hot gas and flywheel, the latter to be 
located in the docking hub to keep it 
non-rotational, was desirable for the 
dumbbell configuration. 

Minimization of the moments of 
inertia about all three axes by locating 
as much mass as possible close to the 
center of rotation is desired to reduce 
propellant consumption. The rotating 
dumbbell pseudo-gravity station requires 
that the moment of inertia about the 
spin axis be equal to or greater than 
those about the other two axes. This 
means that placement of masses perpen- 
dicular to the plane of rotation is a 
critical factor, since the other moments 
of inertia are highly sensitive to this 


• Communications system. Tracking of 
the station would be accomplished by 
several means, including C-band radar 
transponder beacon. Minitrack beacon 
and, for the logistics vehicles, an L-band 
rendezvous beacon. Data link employs 
pulse code modulation, wide-band tele- 
metry, with suitable recorders for rapid, 
as well as real-time, transmission. Other 
communications involve AM and FM 
voice transmissions, radio facsimile, tele- 
type and video. 

Space environment hazards and the 
suggested means of protecting against 

• Meteoroids. Design-goal meteoroid 
penetration probability was set at one 
puncture per compartment each year. 
Provision of two aluminum bulkheads 
—pressure and structural— for the outer 
station wall, with each designed for its 
specific loading, increases the capability 
of the resulting configuration to limit 
puncture rate much further. Addition 
of thermal insulation, which has the 
effect of distributing the force of me- 
teoroid impact, would lower the prob- 
ability of penetration to one in two 
years for each compartment. 

• Radiation. Greatest radiation hazard 
to crew members is posed by solar flares, 
but to a large extent, the proposed orbit 
would be shielded from these events 
by the trap presented by the earth’s 
magnetic field. However, the inner Van 
Allen belt descends to an altitude be- 
low that of the station orbit at a point 
over the South Atlantic, and this may 
require that the astronauts retreat be- 
hind some type of shielding whenever 
the orbit passes through this region of 
the radiation belt. 

Any substantial increase in the alti- 




NAA, Subcontractor Apollo Funding 

Los Angeles— Funding of the Apollo project for the principal contractor. North 
American Aviation’s Space and Information Systems Division, and its subcontrac- 
tors will be between $500 million and SI billion through the first manned earth- 
orbiting (light early in 1965, Charles W. Frick, chief of National Aeronautics and 
Space Administration's Apollo project office, said here recently. 

Frick would not narrow the limits of this estimate, despite the fact that it involves 
a $500-million span. 

approximately $368 million for a lunar landing and return, a sauce close to the 
program told Aviation Week & Space Technology. 

As a result of increased complexity of the program and redefinition of tasks bv 
NASA, North American’s definitive bid. made last November, for the Apollo mis- 
sion was approximately S1.028 billion. This included the new lunar rendezvous 
approach using the lunar excursion module (LEM). But it did not include the 
cost of the LEM. which is the responsibility of Grumman Aircraft Engineering 
Corp. under a separate $360-million development contract. 

Aim of negotiations now being conducted between NASA and North American 

the manned earth-orbit with Apollo. These negotiations should be completed bv 
Mar. 15, and the figures should lie below that submitted bv North American by 10 
or 15%, Frick indicated. 

This would be done through program review and elimination of some hardware 
and testing. Some risks would be involved, Frick said, but these would not involve 
any danger for the manned portion of the program. 

On the first lunar orbit. Frick said, the moon’s surface would be observed, so 
that perhaps a landing with LEM might be attained on that flight. The excursion 
module might remain on the moon from four hours to one dav. he said. This would 
be at the discreHon of the astronaut. 


tude or inclination of the proposed orbit 
would nullify the geomagnetic shielding 
effect and consequently would entail 
an appreciable weight penalty through 
the necessary addition of physical shield- 
ing in the station. 

Several possible logistics ferry candi- 
dates were considered in light of the 
periodic crew-rotation and resupply re- 
quirements of the station. The Gemini 
vehicle, currently under development 
as a rendezvous vehicle, appeared un- 
desirable for supply of large stations 
because of the crew capacity of only two 
men and the limited cargo volume of 
the Gemini vehicle. 

Apollo spacecraft, modified to carry 
five or six men. was considered a defi- 
nite possibility. This approach calls for 
an unmanned supply vehicle for sup- 
plementary' resupply during tours of 
duty beyond the nominal 30 day s. 

Relatively small payload-to-launch 
weight ratio and one-man capacity of 
the X-20 Dyna-Soar vehicle excluded it 
from consideration for ferry use. 

Concept of the manned maneuvering 
vehicle-a trade-off between the highly 
maneuverable Dyna-Soar and slightly 
maneuverable Apollo— appeared promis- 
ing. 

Tlie vehicle would be designed to 
possess a hypersonic lift/drag of unity, 
which would give it a 500-naut.-mi. lat- 
eral maneuvering range and permit an 
aircraft-tvpe flared landing. 

Vehicle would weigh about H,000 
lb., 50% of which would be internally 
carried stores, and could accommodate 


four men or, with slight modification, 
three men and extra supplies. 

Unmanned supply capsule appeared 
attractive for emergency and interim 
supply between crew-rotation flights. 
Vehicle could sustain an eight-man fuel 
cell-powcrcd station for 45 days. Termi- 
nal rendezvous and docking phases 
would be remotely controlled by radio 
cuiiuiiaud from within the space station. 

Apollo Boilerplate 
Test Program Cut 

Houston, Tex.— Apollo command 
module boilerplate configuration testing 
program has been reduced from its orig- 
inal 25 units because studies have shown 
that some objectives can be achieved in 
conjunction with other tests. 

Early trials of the parachute recovery 
system have already been performed. 
Bullet-shaped dummy weights have 
demonstrated satisfactory strength of 
the ring-sail type recovery parachutes up 
through full design load specification 
and no problems arc foreseen requir- 
ing major design changes. NASA, how- 
ever, will conduct an alternate investi- 
gation on split-sail chutes as a back-up. 

Drops of command module boiler- 
plates will be made in the first half of 
this year, including two tests ejecting 
boilerplates from a Lockheed C-l BOA— 
one overland and one over the water. 

Demonstration of flotation and water- 
handling characteristics emphasizing 
methods of retrieving the command 


module from the water have been un- 
der way in Galveston Bay, Tex., under 
the aegis of Manned Spacecraft Cen- 
ter’s Flight Operations Div., which co- 
ordinates tests and data exchange with 
North American. 

NAA also will conduct land and wa- 
ter impacting trials near its Downey, 
Calif., facility. 

Flight test programs are scheduled to 
begin this summer at White Sands, 
N. M. They are anticipated to last ap- 
proximately 14 years, developing launch, 
abort, escape and recovery systems uti- 
lizing the General Dynamics/Convair 
Little Joe 2 launch vehicle. 

This program, which will utilize ap- 
proximated four boilerplate and two 
prototype flight configurations space- 
craft. will use many of the test program- 
ing techniques developed during 
similar Mercury spacecraft trials with 
Little Joe 1. 

None of the test spacecraft is consid- 
ered reusable. 

White Sands experiments also will 
test more sophisticated prototype flight 
articles embracing the sendee module 
propulsion system to prove its lunar 
escape velocity capacities and mid- 
course correction systems. 

Flight program at Cape Canaveral, 
using Saturn vehicles, was intended to 
start late this year, with a boilerplate 
Apollo spacecraft riding atop SA-6, 
but it now appears that this vehicle 
launch will slip into 1964. Initial 
launch would use an unrecoverable 
vehicle and provide confirmation of 
theoretical data on longitudinal and 
lateral vibrations, loads, heat transfer 
and other aspects of the system. 

Saturn test program embraces eight 
recoverable spacecraft. No primate 
flights are being considered, but some 
of the launches will carrv side experi- 
ments relating to the over-all Apollo 
program, such as a micrometeoroid 
4,000-lb. satellite (AW Jan. 7, p. 26). 
Prime consideration in these experi- 
ments will be that they do not delay 
the basic launch scheduling. 

Late this year a boilerplate will be de- 
livered to Marshall Space Flight Center 
for wind tunnel testing to determine 
model shapes in various frequencies. 

Two additional test vehicles will also 
undergo trials by North American at 
Downey late this year and during 1964. 
Noil-hazardous testing of various sys 
terns including swiveling nozzles will be 
conducted. The first of these will be a 
breadboard configuration and the sec- 
ond would be a prototype flight config- 
uration. Another essentially complete 
spacecraft will be utilized in vacuum 
chamber trials, first at North American 
and then Manned Spacecraft Center, 
where lunar environment would be 
simulated and evaluation would include 
simulated flight bv human subjects un- 
der space conditions. 
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Build your system with operational Cubic 
AME, DME and DHE... immediately available! 


Cubic tracking systems are operational 
now at installations throughout the free 
world. They are setting new standards 
for performance and reliability based 
on the superior design of Cubic AME 
(Angle Measuring Equipment), DME 
(Distance Measuring Equipment), and 
DHE (Data Handling Equipment). An 
outstanding example of the capabilities 
of systems using this equipment is 
Cubic AGAVE, the primary capsule 
acquisition aid in use on nil 18 Project 
Mercury tracking sites. Complete sys- 
tems, including peripheral equipment, 
arc built to well denned specifications 
safely using state-of-the-art techniques. 


Cubic tracking systems offer important 
advantages in lower costs, greater ac- 
curacy, prompt delivery and multiple 
target tracking capability. These sys- 
tems are easily adapted for real time 
display or data recording. And most 
important, they are operational now — 
tried and proved reliable in use. 


Here are typical examples 
of operational systems: 

MATTS: Three-target AME-based 
scoring system at Eglin Gulf Test 
Range; 

Bi-COTAR: AME-based range safety 
system at Vandenberg Air Force Base; 


ELSSE: Extremely simple but accu- 
rate single target, single AME system 
for range safety on the Atlantic Missile 
Range; 

AGAVE: Primary capsule acquisition 
aid for Project Mercury; 

ADAM: A highly-sophisticated nine- 
target position tracking system based 
oil combination of AME and DME; 
ARC AS: Digital data system for At- 
lantic Missile Range. 

For additional information on opera- 
tional Cubic tracking systems, write 
to Department B-lll. 



CUBIC 
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Why so many? 


We admit it. 

Amphenol, more than any other 
connector manufacturer, accepts re- 
sponsibility for confronting you with 
a seemingly endless selection of rack 
and panel connectors. 

There's a good reason. 

For some uses, a ten-contact con- 
nector the size of an Idaho potato will 
do just fine. In others, ten connections 
must be squeezed into a space no 
bigger than a jelly bean. Still other ap- 
plications have unique requirements 
that relate to environment or mating 
force — even the technical skill of the 
operator. 

We make a lot of different rack and 
panel connectors because it takes a 
lot to satisfy the wide range of appli- 
cations. 

For example: the Amphenol Blue 
Ribbon® rack and panel connector 
is widely used in ’blind' mating ap- 
plications. Part of Blue Ribbons' pop- 
ularity is due to the fact that they 
mate with a smooth and gradual 
wedge-like force. Because they mate 
so smoothly, the ’feeling’ of correct 
alignment is unmistakable. 

Another advantage of the Blue 
Ribbon design is the wiping action 
that occurs as connectors mate. Each 
time Blue Ribbons are mated, contact 
surfaces are wiped clean. Combine 
wiping action with high mated contact 
pressure, and the result is an extreme- 
ly low-resistance connection. 

THINKING SMALL? 

As fine a connector as we know the 
Blue Ribbon is — it's just not right for 
the real tiny stuff. Thus, as miniaturized 


electronic equipment became popular. 
Amphenol engineers developed the 
Micro Ribbon® — a rack and panel 
connector utilizing the ribbon contact 
principle, but in as little as one-half the 
space. Further development produced 
a circular Blue Ribbon connector 
which crammed 50 contacts into a 
diameter just under 3 inches. 

Also, there's the question of termi- 
nating rack and panel connectors. 
Often, confined quarters or complex 
wired harnesses can tax the dexterity 
of even the most skilled worker 

To solve this problem. Amphenol 
engineers developed rack and panel 
connectors with Poke-Home® con- 
tacts. Poke-Home contacts make it 
possible to terminate conductors inde- 
pendent of the connector. Contacts are 
crimped, soldered, or even welded to 
conductors, then inserted into the con- 
nector. Besides simplifying assembly. 
Poke-Home contacts can be easily re- 
moved after assembly should circuit 
changes or repairs later become neces- 
sary. Needless to say, Amphenol rack 
and panel connectors with Poke-Home 
contacts (Min-Rac 17®. 93 and 94 
Series, for example) are popular items 
with engineers who are forced to think 
small, spacewise. 

BEATING THE ELEMENTS 

There's a need for environmentally 
resistant rack and panel connectors, 
too. High performance aircraft, missiles 
and space craft led to the development 
of Amphenol 126 and 217 Series en- 
vironmentally sealed rack and panel 
connectors. (The 217 offers the added 
feature of Poke-Home contacts.) Other 
Amphenol rack and panel connectors 


can accommodate coaxial connectors,- 
many can be supplied with hermeti- 
cally sealed contacts. There are rack-to- 
cable connectors available in every 
series. There are super-economy types 
and super-reliable types. 

So, when you have a rack and 
panel connector problem, contact an 
Amphenol Sales Engineer (or an au- 
thorized Amphenol Industrial Distrib- 
utor). With the broadest line of rack 
and panels in the industry — if he can't 
solve it, no one can. If you prefer, 
write directly to Dick Hall, Vice Presi- 
dent, Marketing, Amphenol Connector 
Division. 1830 South 54th Avenue, 
Chicago 50. Illinois. 



contacts and (b) solder-type contacts 2—94 
Series 3 — Micro-Ribbon 4—124 Series 
Rectangulor 5— 93 Series 6— Blue Ribbon 
with (a) barrier polarization, (b) pin polari- 
zolion and jc) keyed shell and barrier polar- 
izotion 7 — 1 24 Series "CNI" 8— 1 26 Series 
Hexagonal 9 — Circular Blue Ribbon 


€MKBS Connector Division/ Amphenol-Borg Electronics Corporation 




FRUEHAUF CAPABILITY 
ADDS TO AMERICAN 
SPACE AGE MOBILITY 

As a leading source for the designing, engineer- 
ing and manufacture of military sub-systems, 
Fruehauf has added to America’s space age 
mobility. On both prime and subcontracts, Frue- 
hauf's resources have generated new savings and 
efficiency on a multitude of ground support and 
missile systems. 

An outstanding example of Fruehauf partici- 
pation in space age sub-systems, through the 
liaison of its commercial and military division, 
is a recent project currently completed for Paul 
Hardeman, Inc., of Stanton, California, the prime 
contractor for the U. S. Air Force TITAN II 
Propellant Transfer System. 

To achieve effective mobility, Fruehauf pro- 
vided the essential equipment for moving the fuel 
and oxidizer holding tanks, the propellant condi- 
tioning system, the control system, as well as the 
waste disposal equipment. The concept of mobil- 
ity fulfills the U. S. Air Force’s technical require- 
ments for maximum efficiency and illustrates its 
continuing program of cost reduction and savings 
to the Government. 

For further information on Fruehauf’s demon- 
strated capability in designing and producing 
military equipment, send for a free copy of 
“Fruehauf G.S.E.— Military and Missile”. 
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I RAYTHEON AT WORK I 


Apollo’s Raytheon computer 
will take dead aim at the moon 





Money Defense Dept. Will Obligate 
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I. Of this, the Air 


Force spent S7.5 billion, or 51.8%; the 
Navy. $5.2 billion or 35.9%; mid the Army, 
S1.8 billion, or 12.3%. 

-II. 3% of the S16.3 billion total, a 10.3% 


Polaris submarines. * 

The Navy Fiscal 1964 procurement 
budget provides for purchase of si, addi- 


Defense Dept. 
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COMPLETE MISSILE 


Seventeen years ago, Martin entered the Aero- 
space Defense field with Matador, America's 
first operational missile. Today, the record 
shows that one-third of all U.S. missiles launched 
down the Atlantic Missile Range from Cape 
Canaveral were built by Martin. 

Here are just a few examples of Martin's 
current overall capability, after 17 years of 
experience: 

STRATEGIC WEAPONS. Titan l-hard-based ICBM, op- 
erational in underground silos on schedule. Titan II— 
most powerful ICBM: storable propellants, near instan- 
taneous reaction, silo launched. Highly successful test 
program. Nearing operational readiness. 

SPACE BOOSTERS. Titan II Gemini Launch Vehicle. Titan 
III Standard Space Launch System— over 2,500,000 
pounds of thrust: envisioned as the space "workhorse" 
for the next decade. 

SOLID PROPELLANT WEAPONRY. Pershing-fast accel- 
erating system; built to fire almost instantly under rugged 
field conditions. Finest test record of any missile— 37 


CAPABILITY... 17 YEARS OF EXPERIENCE 


complete successes in 44 launches. Bullpup— the nation's 
only supersonic air-to-surface missile, so reliable it is 
handled like a round of ammunition without pre-flight 
check-out. Lacrosse— with pinpoint accuracy. All three on 
duty with Army, Navy, or Air Force. 

HARDBASE ACTIVATION. Responsible for hardbasing 
Titans I and II— history's most difficult construction feat. 
Completed on schedule for Titan I. Progressing on sched- 
ule for Titan II. 

RE-ENTRY BODY DEVELOPMENT. Specifically, Pershing 
—ablative nose cone which withstands rapid acceleration, 
deceleration and high re-entry heats. 

NUCLEAR POWER SYSTEMS. SNAP generators for land, 
sea, and space systems— world's first in space, first un- 
dersea, first lighthouse, first weather station. Portable 
reactors at Sundance, Wyoming, and South Pole. 

AIR DEFENSE AND COMMUNICATIONS. Missile Master 
and BIRDiE electronic air defense systems operational in 
29 major metropolitan areas. RACEP communications 
system, providing direct-dialing, telephone-type service 
for700simultaneous conversations on a single frequency 
channel without wires or central switchboard. Missile 
command and control systems, ASW systems. 


MATERIAL DEVELOPMENT. Exotic materials, with high 
heat flux, high strength with low weight. First production 
technique for fusion welding of high-strength aluminum 
alloy. Isotopic fuel forms, tubular fuel elements. Semi- 
conductor materials research, microelectric elements, 
cryogenics, ceramic heat shields, plastics, surfex, molyb- 
denum honeycomb. 

APPLIED RESEARCH. Advanced work in hypersonic aero- 
dynamics. Cryogenics, lasers, masers, celestial mechan- 
ics, guidance, quick reaction controls, stability, structures, 
millimeter wave theory, thin films, infrared detectors, 
computer technology, thermoelectricity, mission simula- 
tion, mathematics, checkout systems, advanced fabrica- 
tion, solid state. 

SYSTEMS MANAGEMENT. In the past five years, 
1957 to 1962, Martin has delivered $3 billion in 
total contracts. $2.9 billion were completed at 
or under contract cost. $2.8 billion on or ahead 
of schedule. 

At Martin, systems management means the 
best possible product at the lowest possible cost 
in the shortest possible time. 


/? © 


HOWTO 
GET TO THE 


MOON 



FOR A MOON VOYAGE, YOU'LL NEED A MASSIVE TRUCK, A PICKUP. AND A SPORTS CAR. UTC HAS ALL THREE. NOW. OUR TRUCK: 
A SEGMENTED, MULTIMEGAPOUND, SOLID PROPELLANT ROCKET-BOOSTER, FOR BRUTE FORCE TO PUSH AN EXOTIC PAYLOAD OFF 
THE EARTH. OUR MIDDLE-STAGE PICKUP: A SEGMENTED, FILAMENT-WOUND, SOLID PROPELLANT VEHICLE, WITH DEPENDABILITY 
AND EXCEPTIONAL PERFORMANCE AT ESCAPE VELOCITIES (AND WITH ABOUT 200,000 MOVING PARTS LESS THAN LIQUID SECOND- 
STAGE ENGINES). OUR THIRD-STAGE SPORTS CAR: A HIGHLY MANEUVERABLE, STOPPABLE, STARTAB LE, ABLAT ION-COOLED LIQUID 
ENGINE. FILAMENT-WOUND FOR LIGHTER WEIGHT: SIMPLE, RUGGED, IDEAL FOR SOFT LUNAR 
LANOING. THE SYSTEM IS RELIABLE. PRACTICAL STATE-OF-THE-ART DEVELOPMENT AT UTC. 
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United Technology Center 

P. O, BOX 358, SUNN WALE, CALIFORNIA 


AVIONICS 


Arinc Tests Prove Auto-Checkout Value 


By Philip J. Klass 

Use of automatic checkout equip- 
ment during depot overhaul of avionic 
equipment significantly improves its per- 
formance in field use and cuts field 
maintenance costs, according to the re- 
sults of a controlled test conducted by 
Arinc Research Corp. under Air Force 
Logistics Command sponsorship. 

These tests are the first to produce 
quantitative data which supports the 
earlier judgment that automatic test 
equipment is advantageous and provides 
numbers which show its margin of su- 
periority. Results of the Arinc tests 
were reported at the National Sym- 
posium on Reliability and Quality Con- 
trol in San Francisco last week by Philip 
R. Oyerly in a report co-authored bv 
Dewey C, King. 

Total of 140 sets of AN/ARC-27 
ultra - high - frequency communications 
transceivers were used to compare auto- 
matic testing with manual testing. Be- 
cause the ARC-27 is a relatively simple 
piece of avionic equipment and has been 
in service for about 10 years, field main- 


tenance personnel have developed 
higher manual test skills than can be 
expected for newer, more complex 
equipment. For this reason the use of 
automatic test equipment generally 
should offer even greater benefits than 
the ARC-27 test data indicates, Overly 
reported. 

Here are a few of the data obtained 
during the Arinc Research Corp. tests: 

• Rejection rate of ARC-27S prior to 
aircraft installation for sets which had 
automatic test at the depot was less than 
half the rejection rate of sets which had 
been tested manually at the depot. 

• Mean-time-bctween-failure (MTBF) 
for sets which had automatic test at the 
depot was 32% longer than for the sets 
which had been tested manually. 

• Parts replacement rate in the field for 
automatically tested ARC-27S was less 
than half the replacement rate of manu- 
ally tested sets. 

Arinc tests indicate that the use of 
automatic testing increases the cost of 
depot overhaul of the ARC-27 from 
S137 to SI 51, but this difference is 
quickly recovered in savings in field 


maintenance costs. Over a 1,000 hr. 
flight time period, field maintenance 
cost of the automatically tested ARC-27 
was S174 compared with S3 34 for the 
manually tested equipment, Arinc data 

For the controlled tests, Arinc with- 
drew 1 40 ARC-27 transceivers from the 
stock of the Dayton Air Force Depot. 
These units had been overhauled, man- 
ually tested and were ready for ship- 
ment to Air Force bases. Half of these 
units (70) were shipped to an air base 
while the remaining 70 units were tem- 
porarily retained at the depot for re- 
processing with automatic equipment. 

As the first step in this reprocessing 
operation, the 70 remaining ARC-27s 
were tested for dynamic perfonnance 
using a Datico. Model DAT-001, made 
by Nortronics System Support Division. 
This test measured transmitter power 
output, sidetonc power output, receiver 
noise level, signal-plus-noise level and 
squelch action to preprogramed limits. 

All 70 units, regardless of whether 
they passed or failed this test, then were 
disassembled into major subassemblies 



General Electric Fuel Cell Uses Natural Gas 

New fuel cell developed by General Electric uses natural gas or other low-cost hydrocarbon fuels and may ultimately have a conversion 
efficiency of 3074. Cell uses solid zirconia electrolyte, a refractors oxide, and operates at temperatures of about 2.000F without use of 

burned within the cell. Zirconia crucible serves os a solid electrolyte and contains a small amount of molten silver in which oxygen from 
the air is continuously dissolving. Oxygen ions move out of molten silver carrying two electrons each through electrolyte, then combine 
with carbon anode to form carbon monoxide and release the electrons which arc conducted out of the cell as electricity. 
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SELECTOR 

SWITCHES 

for 

t Resistance Thermometers 
► Thermocouple Thermometers 

THERMOCOUPLE SWITCHES 

« 

Engineered to give years of ser- 
vice in test work as well as in 
permanent installations, LEWIS 
switches have heavy, low-resist- 
ance contacts; positive detent 
action and sturdy terminals for 
easy wiring. 

The cases are splash proof and 
dust tight, of close fitting bakelite. 
Husky black-finished aluminum 
indexing knobs are used to turn 
the stainless steel shaft supporting 
the rotating brushes. 

RESISTANCE BULB SWITCHES 

A companion line of the same con- 
struction except that they are fit- 
ted with a common-terminal ring 
for three-wire bulb connections. 


THE 9S SERIES 

THE SPACE SAVERS 



Write for our descriptive 
bulletin on Selector Switches 


The LEWIS ENGINEERING CO. 






which also were checked using Datico. 
Additionally, all tubes were pulled and 
tested using a Hickock Cardomatic tube 
tester, Model 123A, and the values of 
all passive components were checked 
against acceptable limits using a Robo- 
tester. Model LA-303, made by Lavoie 
Laboratories. Any out-of-tolcrance com- 
ponents discovered were replaced, and 
there were a sizable number of such rc- 

^ Transceivers then were assembled, 
aligned and adjusted manually, and 
again were tested for dynamic perform- 
ance using the Datico checkout equip- 
ment. I he 70 sets then were shipped 
to the same air base to join up with the 
other 70 units which had been tested 
by conventional manual procedures and 
shipped previously. 

Atinc recognized that it is not feasi- 
ble for the Air Force to ship avionics 
equipment back to an overhaul depot 
every time it malfunctions in the field, 
instead of performing such maintenance 
at the air base, except for very complex 
systems such as inertial guidance. How- 
ever, to provide another benchmark for 
comparison, it was decided to do so for 
half the ARC-27s in this controlled test. 
Each of the two groups of 70 trans- 
ceivers was divided into two nearly 
equal subgroups. Whenever a malfunc- 
tion occurred in one segment in either 
group, it was returned to the depot for 
maintenance with manual or automatic 
test, depending upon the original test 
procedure used. The other segment in 
each group remained at the base for 
repair and service. 

This provided the four following 
subgroups: 

(1) Depot automatic test, depot main- 
tenance with automatic test. 

(2) Depot automatic test, field mainte- 
nance with manual test. 

(3) Depot manual test, depot mainte- 
nance with manual test. 

(4) Depot manual test, field mainte- 
nance with manual test. 

Most significant data in tenns of its 
applicability to Air Force’s real-life op- 
erations comes from segments (2) and 
(4). It shows what gains can be achieved 
simply by introducing automatic test 
facilities at overhaul depots without any 
other change in current practices. 

When the two groups of ARC-27s 
were received at Lockbourne AFB, near 
Columbus. Ohio, they were bench- 
tested prior to installation on B-47 and 
KC-97 aircraft, with interesting results. 
Of the group which had been pulled off 
the shelves of the depot, having had 
only the normal manual checkout, 
nearly 27% were rejected for unsatis- 
factory performance. In the group which 
had undergone the additional automatic 
testing at the depot, the reject rate was 
only 5%. 

Transceivers were operated until pi- 
lots reported a malfunction, then pulled 


off and checked by base maintenance or 
returned to the Dayton depot, depend- 
ing upon the segment from which they 

An analysis of meaii-time-bctween- 
failurc for segments (2) and (4)— tilt 
former with depot automatic test, the 
latter with depot manual test, both 
using base maintenance-showed that 
the automatic test sets had a MTBF of 
84.6 hr. while the manual test sets had 
a MTBF of only 63.9 hr., a 32% greater 
time between failures for the automatic 

Use of automatic testing at the depot 
during overhaul apparently catches 
many marginal components which 
otherwise would get through under 
manual testing and later cause field 
failures. 

Segment (2) transceivers which had 
automatic test at the depot experienced 
a parts replacement rate of 7.7 per mil- 
lion operating hours during field tests, 
while manually tested sets had a replace- 
ment rate of 16.2 components per mil- 
lion hours, or more than twice the auto- 
matic test figure. 

Automatic testing appears to shift 
the major part of component replace- 
ment from the field to the depot where 
facilities arc better, personnel generally 
are better trained and more adequate 
stocks of replacement parts can be main- 
tained. In view of the cost of handling 
and stocking spare parts at far flung 
bases, this is an important potential 
saving. 

Recent Atinc tests confirmed the ex- 
perience of other field reliability studies 
which indicate that equipment re- 
ported and removed as malfunctioning 
does not always have a fault that can be 
located by maintenance personnel. 

(Continued on p. 73) 




Weldable Substrate 

Weldable microcircuit substrate, available 
with prepositioned wiring made of nickel, 
nickel-copper or other weldable material, has 
small bent tabs to which interconnection 
bars can be attached. Manufacturer: Con- 
ductorlab. Inc., Groton, Mass. 
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Du Pont TD Nickel permits continuous operation 
of equipment and components up to 2400“ F 


Du Pont TD Nickel is a new alloy 
composed of 98 % nickel and 2 % (by 
volume) thoria. This unique disper- 
sion imparts useful— and stable- 
mechanical properties to nickel at 
temperatures up to 2400 °E 

For example, TD Nickel has an 
ultimate tensile strength of 10,000 psi 
at 2400”F — approximately 90% of 
the melting point of nickel. Relative 
to many nickel or cobalt base super- 
alloys, TD Nickel has superior 
mechanical properties in the 1800°- 
2400°F range. TD Nickel also re- 
tains the desirable physical properties 
of pure nickel. 

Yet, TD Nickel is workable in 
normal atmospheres... can be cold- 
drawn, rolled, forged, machined. 


shea red... using standard melalwork- 

Your present— and future— equip- 
ment and/or components may well 
benefit from the unique combination 
of properties available only in Du 
Pont TD Nickel. 

Commercial Quantities Available- 

Commercial quantities of 'A ", Va" 
and 1" diameter bar stock TD Nickel 
are available. Strip, sheet forms and 
tube hollows will be in production in 
the near future. 

For complete descriptive data on 
Du Pont TD Nickel and its proper- 
ties, use the coupon or write on your 
company letterhead. Please list the 
particular interest you have. 

DU PONT METALS CENTER 
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New Relay Team Turns 
In Top Performance 


t leam competing under , 
the Deutsch banner is a com- I 
plete line of subminiature elec- 
trical relays. In keeping with 
a company reputation for top 
performance to advanced 



LABORATORY 

specifications, this new prod- 
uct promises to break all exist- 
ing records. 

Where space and weight 
economies are a requirement, 
the Deutsch subminiature re- 
lay comes through with flying 
colors. And there’s no worry 
about it fading in the back- 
stretch as millions of cycles of , 
dry circuit life are assured. 


integrated manufacture of 
advanced specification minia- ' 
ture electrical connectors. 

Beginning in the modern 
Deutsch plating plant, springs, 
contacts and cast's are pro- 
tected with the finest quality 
finishes available today. 

Then in the glass sealing 
department, relay headers are 
hermetically sealed to provide 

down" 111 " 1 resistance to brpal( - 
Finally, assembly, adjust- J 
ment and inspection are per- • j 



Hot weather's no sweat for 
j this team either since they 
will operate properly between 
-65 C and +85’ C. 

I In the certified Deutsch test ! 
| lab the new relay ‘has been j 
| subjected to every electrical, 

| environmental, and physical 
test imaginable, and withstood 
them all like a typical Deutsch | 
electronic component. 

This kind of outstanding | 
performance is the result of 
many years experience in the 



i DEPARTMENT 

formed in electrostatically 
filtered "clean rooms". 

At present the Deutsch re- 
lay is available in seven case 
types and four header types, 
plus special configurations for 
printed circuit applications 
and other requirements. 

But to obtain all the vital 
statistics, contact your local 
Deutschman, or write for a 


i 1 

‘ .a - 




fact-filled spec sheet contain- 1 
ing the names, numbers jmd 
characteristics of this winning I 
relay team. \y 

SPECIFICATION MINIATURE// 
ELECTRICAL COMPONENTS' 


DEUTSCH Electronic Components Dii 


• Municipal Airport • Banning, Califori 


(Continued troni p. 70) 
Sometimes there is no basic fault; other 
times the unit is re-installed only to ex- 
hibit the same malfunction. 

Arinc Research decided to keep rec- 
ords on how the manually and auto- 
matically tested ARC-27s perfonned 
after they had been removed, presum- 
ably repaired and checked by base main- 
tenance and re-installed in the aircraft. 

For transceivers which originally had 
undergone automatic test with later 
maintenance at the base, 81.4% of the 
sets functioned properly during the first 
flight after being reinstalled in the air- 
craft. But only 71.8% of the sets which 
originally were manually tested, later 
maintained at the base, performed prop- 
erly upon being returned to the aircraft. 

Difference is even greater between 
segments (1) and (3) where both units 
were returned to the depot for mainte- 
nance when failure occurred in the field, 
but with automatic test used on the 
former and manual test used on the lat- 
ter segment. When returned and rein- 
stalled in the aircraft. 90.1% of the 
automatic test units functioned prop- 
erly on the next mission while only 
79.6% of the manual test units oper- 
ated satisfactorily on the first mission. 

Overly conceded that the marked im- 
provement of automatic test units over 
manual test sets may in part stem from 
the fact that the former underwent 
two additional operational tests as well 
as subassembly tests and that the man- 
ual test units might exhibit better reli- 
ability if they had undergone several 
manual checkouts. He adds that test 
data indicates this factor is minor. 

Use of automatic test on the ARC-27 
at the depot, as employed in the Arinc 
test, increases total processing time (as- 
suming no repairs are needed) over 
manual test procedures from 220 min. 
to 592 min. The increase results from 
the time required to disassemble and 
prepare the subassemblies for passive 
component, tube and dynamic tests. A 



Self-Focusing Antenna 


Sclf-focusing steerable phased array antenna 

wave front to produce beam focusing at a 

Ironic Communications. Inc., Research Divi- 
sion under RADC sponsorship. 


total of more than 2,000 individual tests 
not performed in manual checkout pro- 
cedures are introduced in the process. 
This greater processing time, plus 
greater component replacement, ex- 
plains the slightly higher cost of depot 
overhaul when automatic test is used— 
SI 51 vs. $137. But the resultant saving 
in field maintenance costs is SI 60 per 
transceiver per 1,000 hr. of flight time, 
according to Arinc’s figures. 

Overly and King concluded their re- 
port with an important note of caution; 
“It was increasingly apparent during 
this study that effective programing is 
the key to effective application of auto- 
matic testing equipment. The require- 
ment to develop programing skills and 
techniques is even more urgent than 
the need for definition of requirements 
for automatic testing equipment and 
operational equipment. In fact, opti- 
mum hardware specifications can not 
be formulated until standardized pro- 


► High Speed Microcircuits-Motorola 
Semiconductor Products will soon in- 
troduce the first of a family of 30-mc. 
current mode semiconductor logic mi- 
crocircuits. Starting with a gate, the 
family will include a flip flop, half adder 
and auxiliary circuits, packaged in either 
TO-5 cans or flat i-in. square packages. 
The devices will be direct coupled, 
capable of switching 0.8 volt at a few 
microamperes. 

► Threat to Masers— Parametric ampli- 
fiers, using gallium arsenide varactor di- 
odes operating in a liquid helium bath, 
now arc exhibiting low-noise figures 
comparable to more complex, more 
costly masers and may well supplant 
them in many future applications. A 
Lincoln Laboratory parametric ampli- 
fier. cooled to 4.2K temperature, has 
exhibited a noise temperature of less 
than 10K at 1,300 me. (L-band), and 
frequencies at least up to 1 5 gc. (kmc.) 
appear feasible. Bell Telephone Labora- 
tories also is working in the same field. 
Lincoln Laboratory now is considering 
the use of such parametric amplifiers in- 
stead of masers originally planned for 
its new ultra-sensitive Haystack radar. 

► Electroluminescence Color Conver- 
sion-Filters for converting the normal 
blue or green light emitted by electro- 
luminescent phosphors into yellow, 
orange or red light, in various shades 
with a high level of brightness, are de- 
scribed in recently published report by 
Navy Electronics Laboratory scientists. 
The report, entitled "A Color Conver- 
sion Technique for Electroluminescent 
Light," identified AD-278-747, is avail- 
able for 75 cents from Office of Tccli- 


graming techniques [are] developed.” 

One programing problem area is to 
detemiine which characteristics of each 
type of component are really important 
in the circuit function, which arc most 
likely to change with time and then pro- 
gram the equipment to check these 
critical functions rather than attempting 
to check every possible parameter. 

Another requirement is the need to 
determine acceptable rather than arbi- 
trary upper and lower limits for equip- 
ment and component measurements. If 
limits are set excessively tight, the work 
load on maintenance and depot person- 
nel is unnecessarily increased, while if 
limits are set too low, reliability in the 
field will suffer. 

Still another need is that various or- 
ganizations which use automatic test 
equipment coordinate their philosophi- 
cal approaches to programing to develop 
standardized procedures incorporating 
the best available concepts. 


nical Services, Commerce Dept., Wash- 
ington 25, D. C. 

► Army to Buy Data System— Propos- 
als for an automatic engineering draw- 
ing storage and retrieval system for 
Army Missile Command arc due Jan. 
1 5. New system will be used to micro- 
film 200,000 existing missile part draw- 
ings, plus future additions, which can 
be automatically retrieved. 

► Noise Source Calibration Available- 
National Bureau of Standards recently 
has initiated service for calibrating mi- 
crowave waveguide noise sources at its 
Radio Standards Laboratory' in Boulder, 
Colo. Service presently is offered in 
WR90 waveguide at frequencies of 9.0, 
9.8 and 11.2 gc. (kmc.). 

► Laser Computer Effort Planned — 
Rome Air Development Center is seek- 
ing qualified sources for development 
of glass fiber lasers for use in optical 
digital data processing systems. Inter- 
ested companies should contact RAKS, 
Griffiss AFB. N. Y. 

► Soviets to Emphasize Laser Work- 
Director of Soviet Radiophysics and 
Electronics Institute, Siberian Branch, 
Yu. B, Rumer, stated in recent inter- 
view that the institute’s personnel are 
giving “first priority” to quantum radio- 
physics, especially lasers. 

► Radiation Dose Guide Available— Cir- 
cular slide rule which shows safe radia- 
tion dosage limits for vary'ing distances 
is available, upon request, from Gian- 
nini Controls Corp., Public Relations 
Dept., 1600 South Mountain Ave., 
Duarte, Calif. 
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FLIGHT RECORDER TRACES recovered from tile wreckage of American Airlines Boeing 707 N 7506A show magnetic heading, accelera- 
tion. indicated airspeed and altitude graph lines {reading in order from top to bottom and ehronologicallv from left to right). Also shown 
arc conditions at rotation, lift-off, gear and flap retraction, angles of bank at various times and probable stall buffeting just prior to impact. 

CAB Accident Investigation Report: 


Rudder Malfunction Cited in 707 Crash 


On Mar. 1, 1962. American Airlines 
Flight One. a Boeing 707-123B, U. S. Reg- 
istry X 7506A, crashed into Jamaica Bay 
slightly less than two minutes after takeoff 
from New York International Airport. Ja- 
maica. X. Y. The aircraft was totally de- 
stroyed, All occupants. S7 passengers and 
the crew of eight, sustained fatal injuries. 

Flight One was cleared for takeoff from 
Runway 31 L on a regularly scheduled non- 
stop flight to Los Angeles. Calif., and be- 
came airborne at 11)07 EST. The takeoff 
and initial climb appeared to be normal 
and a gentle turn to the left was started 
about 8.000 ft, down the ruuway near taxi- 
way AA. at an altitude of about 100 ft. 
Straightening out from this turn the aircraft 
continued to climb for several seconds on 
a magnetic heading of 290 deg., and started 
a second turn to the left, apparently in 
compliance with radar vector directions 
given by Departure Control. 

In the second turn the airplane continued 
to climb. After initiation of the second 
turn the angle of bank increased until the 
airplane rolled through 90 deg. of bank at 
a peak altitude of about 1,600 ft. msl. It 
then entered an inverted, nose-low attitude 
and plunged earthward in a nearly vertical 
dive. The airplane struck the shallow waters 
of Pumpkin Patch Channel of Jamaica Bay 


approximately three miles southwest of the 
Idlewild Control Tower at 1008:39. Float- 
ing debris and fuel ignited a few minutes 
later and burned fiercely. 

Probable Cause 

The Board determines that the probable- 
cause of this accident was a rudder control 
svstem malfunction producing yaw, sideslip 
and roll leading to a loss of control from 
which recovery- action was not effective. 
Investigation 

On Feb. 2S, 1962. the aircraft, a Boeing 
707-I25B. U. S. Registry X 7506A, was 
flown from Tulsa, Okla.. to New York In- 
ternational Airport. Jamaica. N. Y., as 
American Airlines Flight 2098, a second 
section of the regularly scheduled Flight 98. 
The airplane arrived at Idlewild at 0007' on 
Mar. 1. 1962. The crew of this flight later 
testified that the aircraft performed nor- 
mally throughout the flight. 

After arrival at Idlewild and in prepara- 
tion for its scheduled departure as Might 
One at 0943 on the same day, a layover 
check and an origination check were accom- 



plished on the airplane. To correct pilot- 
reported discrepancies, a VI IF receiver and 
the cabin pressure auto controller were 
changed. Cracks were found in the inlet 
guide vanes of engine Nos, 1 and 2 and 
were welded. A scheduled mam oil screen 
change on engine No. 3 was performed, the 
flight engineer's instrument panel light rheo- 
stat-transformer svas replaced, and the air- 
plane was serviced. Investigation of the 
maintenance and sen-icing performed on X 
7506A during its layover at Idlewild showed 
that these tasks had been properly completed 
and signed off in accordance with American 
Airlines procedures before X 7306A was re- 
leased for dispatch. Crew involved in this ac- 
cident departed Los Angeles, Feb. 27. as the 
crew of American Flight 36, flying a Boeing 
720B, arriving in Boston at 0608 Feb. 28. 
After a layover of about 25 hr. the flight 
crew, operating a Boeing 720B aircraft. 
American Flight 117, departed Boston on 
Mar. 1 at 0720 and arrived at Idle-wild at 
0813. ’Ilie airline dispatcher, who assisted 
the crcsv in preflight preparations for Might 
One, testified that they "appeared to be ra- 
tional and normal," All cress- members were 
currently certificated m compliance with 
FAA regulations and qualified in accordance 
svith the carrier policy and procedure. 

A ground cresvman involved in preparing 


AVIATION WEEK & SPACE TECHNOLOGY, January 28. 1963 


the aircraft for departure testified that each 
member of the flight cresv occupied his 
unnnal crew position for the flight. The 
cresv consisted of Captain James T. lleist. 
First Officer Michael Barna. Jr.. Second 
Officer Robert J. Pccor. Flight Engineer 
Robert J. Cain, and Stewardesses Shirley 
Crahosv. Lois Kelly, Betty Moore, and Rosa- 
lind Stess-art. 

A study of the dispatching procedures 
utilized for Flight One revealed that dis- 
patching was normal and in accordance svith 
standard company procedures. 'Hie aircraft 
was released from idlewild svith a total take- 
off gross sveight of 247.038 Ih. and the 
center of gravity at 24.4 MAC I Mean 
Aerodynamic Chord), both within pre- 
scribed limits. According to takeoff and 
climb computations, the following perform- 
ance factors ss'cre to be used during the 
flight: 

Stabilizer trim— 1 ! units nose-up. 

Takeoff ground roll-4,400 ft. 

Time to 100 ljt.-23 sec. 

V,’-136 kt. 

V,,'— 144 kt. 

Vs*— 1 57 kt. 

Operating Procedures 

Pertinent normal operating procedures 
after takeoff and gear-up prescribed by the 
then current AAL 707-1 2 vB Operating 
Manual are given below for reference pur- 
poses in reviewing this report: 

Establish positive climb in straightass-ay 
flight, and accelerate to V.- + 20K. 

Order "Flaps 20" (if 30 deg. used for 
takeoff).' 

If manem-ering is rccpiired during climb, 
increase speed to V- -+• 30K before initiating 

After reaching 2.000 ft. AFL: Accelerate 
to V, + 50K, then order "Flaps 0 deg." 

Complete terminal area maneuvering at 
V- -|- aOK svith flaps up. As soon as condi- 
tions permit, accelerate to normal climb 
speed (300K IAS). 

Section 3. p. 34 stated: “Close adherence 
to this procedure will result in attaining the 
dcsirablc 2.000-ft. altitude over critical noise 
areas as quickly as possible while maintain- 
ing approximately a 309) margin above stall 
speed (at least 40 kt.) even though maneu- 
vers involving tanks as high as 25-30 deg. 
may be required while clearing terminal 

Item 4 of the After Takeoff Cockpit 
Checklist required the yaw damper to be 
turned ON. 

In tile Boeing 707-1 23B aircraft the out- 
board ailerons arc operative during flaps- 
down flight only. A flap system-operated 
mechanism gradually locks out (fixes at neu- 
tral) the outboard ailerons when the wing 



‘Vi— Takeoff Safety Spoerl : The minimum 
speed permissible at a height of 35 ft. as- 
suming engine failure at Vi and rotation at 
Vs speed. 


8 The Boeing Operations Manual permitted 
flap retraction from 30 to 20 deg. at 





Nimbus Control Systems Tested 

Prototype of the stabilization and control systems for the Nimbus meteorological satellite 
is prepared for testing in a flight simulator at General Electric Co.’s Valley Forge, Pa., 
facility. Nimbus components rest on an air bearing with air pumped through the slightly 
bowed pipe in the foreground. While suspended, satellite is checked for attitude control 
in relation to the earth. Horizon sensors and attitude and stabilization controls are designed 
to keep cameras pointed at earth. 


flaps arc retracted from 20 to 0 deg., and 
gradually brings them into play as the flaps 
arc extended to 20 deg. The purpose of this 
is to provide increased lateral control during 
low-speed operation and decreased wing tor- 
sion at high speeds when lateral control, 
produced bv spoilers and inboard ailerons, 
is ample with the outboard ailerons deac- 
tivated. It is pertinent also to note that 
activation of the speed brakes lever to the 
20-cleg, position increases the maximum pos- 
sible spoiler displacement on the desired 
wing from 40 to 60 deg., providing addi- 
tional lateral control. 

A typical departure flight path chart was 
prepared based on the carrier’s normal op- 
erating procedures and the computed per- 
formance capabilities of the 707-I23B. 
Based on a correlation of witness state- 
ments. the control tower transcript and 
flight recorder data, the following sequence 
of events occurred during the flight of N 
7506A. 

At 0954 Flight One, with 95 persons 
aboard, was given taxi instructions to Run- 
way 31 L. The flight was issued an IFR 
clearance nonstop to Los Angeles Interna- 


tional Airport at 1002. The clearance con- 
tained local departure procedures and 
included the then prescribed statement ". . . 
in the interest of noise abatement do not 
delay turn to heading two niner zero." In 
the runup area adjacent to Runway 31 L. at 
1005:05. American One advised Idlewild 
Tower, “ready for takeoff." and was imme- 
diately cleared for takeoff. Flight One then 
taxied to the rnmvav and was aligned with 
it at 1006:29. At T0u6:51 the tower re- 
quested Flight One to "advise rolling" and 
one second later, while in the takeoff roll, 
the flight so advised the tower. What ap- 
peared to be a normal takeoff was executed 
and X 7506A was seen by one of the tower 
controllers to lift off in the vicinity of taxi- 
way "M". approximately 5,000 ft. down the 
runway, at 1007, as recorded by the con- 

At 1007:37 the aircraft started a gentle 
turn to the left in the vicinity of taxiway 
"AA" (approximately 8,000 ft. down the 
runway) at an altitude of about 100 ft., and 
was established on a heading of 290 deg. at 
1007:42. The departure controller made 
radar contact with the aircraft and observed 
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FROM ANCIENT COMPASS TO TITAN 



Astrologer’s Compass (China — 19th Century) — Although the Chinese invented the compass, it was 
the Arabs who first adopted it tor navigation. The characters on this compass are a compendium of 
astronomical and terrestrial lore. (Cranbrook Institute of Science) 


RAPID DEVELOPMENT, LOW COST AND ACCURACY 
-AC SPECIALTIES 


Early navigational devices helped provide the knowledge for the development of 
today's precision guidance systems, like AC's all-inertial guidance package for the 
TITAN II. This system, developed in rapid time, featuring miniaturized components, 
is helping to keep the TITAN on a timetable for operational readiness. At the same 
■ime, this system is scoring an outstanding record of reliability and accuracy. The 
ability for rapid development, at low cost, with outstanding accuracy is now being 
applied to the USAF TITAN 1 1 and I II, and NASA’s APOLLO systems, as it has been 
successfully applied to the THOR, MACE, REGULUS and ALRI systems and POLARIS 
inertial components. Weapon System Integration, and production of major com- 
ponents of the Bombing Navigational System for the B-52 C & D aircraft are also 
among AC accomplishments. 


Perhaps AC’s capability in systems development, production and management c< 
help you. We welcome the challenge to prove our capabilities in low-cost develop- 
ment, outstanding accuracy and minimum time to first flight. 


THE TITAN II INERTIAL GUIDANCE SYSTEM -AC 
builds the ALL-INERTIAL GUIDANCE SYSTEM that 
performs the job of measuring missile acceleration and 
converting this data into velocity and distance in order 
to compute steering and engine cut-off commands. 



MASTER NAVIGATORS THROUGH TIME AND SPACE 

AC SPARK PLUG • THE ELECTRONICS DIVISION OF GENERAL MOTORS 

7929 South Howell. Milwaukee 1, Wisconsin 



North American A-5A Boundary Layer System 


Boundary layer system using titanium to save weight is shown on a North American A-5A 
(A3J| attack bomber on the company production line at Columbus. Ohio. Titanium 
assemblies used in leading edge wing slats save approximately 300 lb. Hot air from the 
engines is ducted through the assemblies and vented over the upper wing surface. 


it roll out on the 290-deg. heading. At 
1007:48 the local controller advised Ameri- 
can One to contact Departure Control on 
123.9 me. This call was acknowledged. 

At 1007:54 the airplane started a second 
turn to the left, and at 1008:01 American 
One transmitted his call sign, indicating 
that he was standing by on Departure Con- 
trol frequency. At 1008:02 the controller 
advised Flight One to continue a left turn 
to one four zero degrees and to report out 
of 2.000. This advisory was acknowledged 
at 1008:09. According to the controller the 
flight continued in what appeared to be a 
normal left turn, as seen on the radar scope, 
which gives no indication of aircraft atti- 
tude. The target was last observed in the 
vicinity of the crash site, l'he controller 
continued to issue normal radar vectoring 
advisories, but received no further replies 
from American One. and the target did not 

Company personnel familiar with the 
voices of the flight crew-, after listening to 
the control tower recording of transmissions 
from Flight One. believed that they were 
made by the second officer, No indications 
of alarm or any abnormality on the part of 
the crew were discernible during any of 
Flight One's transmissions. 

At 100S:23 an unmodulated signal of 
L-sce. duration was received on the Depar- 
ture Control frequency. The sound of this 
signal was very similar to the unmodulated 
carrier associated with previous transmis- 
sions from Flight One. 

The aircraft struck the earth in the shal- 
low waters of Pumpkin Patch Channel of 
Jamaica Bay during low tide when the 
depth of the water varied from several 
inches to several feet and higher elevations 
of the bottom were exposed. The geographi- 
cal position of impact was fixed at 40 deg. 
37.1 min. north latitude and 73 deg. 30.1 


nautical miles southwest of the Idlewild 
Control Tower. 

Impact was made at an angle of approxi- 
mately 78 deg. nose down, on a magnetic 
heading of 300 deg. Readings of the Ford- 
ham University Scismographic Station es- 
tablished the impact time as 1008:49. Float- 
ing debris and fuel ignited a few minutes 
later and burned fiercely. All persons on 
board were fatally injured. 

The weather at the time of takeoff was: 
13.000 ft. scattered; visibility 15 mi.; wind 
northwest at 19 kt,; temperature 30 deg. F.; 
dewpoint 1 1 deg. F.; altimeter 30.30 in. Hg. 
Although the carrier's meteorologist testi- 
fied that from the air soundings and known 
winds there could have been occasional 
moderate turbulence, testimony of pilots 
who had flown in the area at the approxi- 
mate time of the accident indicated that 
they had experienced negligible amounts. 
However, the vertical acceleration trace 
made by the flight recorder on N 7306A in- 
dicated that Flight One did encounter light 
friction turbulence. This type of turbulence 
was also indicated on the flight recorder 
traces of other aircraft departing Idlewild 
at the approximate time of Flight One's 

Testimony of eyewitnesses indicated that 
the takeoff and ciimb appeared to be nor- 
mal until the bank to the left steepened to 
an angle beyond that usually expected of a 
departing aircraft. As it continued its flight, 


however, witnesses observed N 7506A con- 
tinue its roll to the left through a 90-deg. 
bank, enter an inverted nose-low attitude 
and plunge downward in a dive which was 
almost vertical. 

During the vertical portion of the dive, 
which was estimated by a witness to start at 
approximately 900 ft., little, if any. rotation 
of the wings about the longitudinal axis of 
the airplane was observed. Two witnesses 
described a slight, abrupt bank to the left, 
followed by a momentary levelling of the 
wings, immediately preceding the airplane's 
final steep roll and noscovcr. Several wit- 
nesses testified they observed cessation of 
smoke trails from two or more engines when 
the aircraft was nearing its peak altitude. 
Only one of the witnesses registered any 
impression of smoke and/or flames from 
unusual points of origin during the flight; 
this witness observed the airplane only 
one or two seconds before impact. 

None of tile witnesses believed they saw 
or heard an explosion prior to impact. The 
majority did not hear any unusual engine 
sounds, and none saw any ob]cct separate 
from the aircraft during its flight. Those 
who paid particular attention to the air- 
plane’s configuration were of the opinion 
that landing gear and wing flaps were re- 
tracted. Except for one witness who testi- 
fied that the aircraft appeared to stall just 
before nosing over, most of the witnesses 
stated that the entire maneuver was charac- 
terized by a smooth, continuous movement, 
with no indication of recovery action being 
discernible. 

Runway 31L is 14,600 ft. long and 150 
ft. wide, with a gradient of minus .0174. 
It was dry at the time of takeoff. The field 
elevation is 12 ft. msl. The northwest shore 
line of Jamaica Bay is about 200 yd. to the 
left of and parallel with the runway. Heav- 


ily populaled areas lie directly beyond the 
end of Runway 31 L. 

Noise abatement procedures in effect at 
the time of the accident required that flights 
from this runway not delay in making a left 
turn to a heading of 290 deg. after takeoff 
and continue the climb to 800 ft. on this 
heading. After reaching 800 ft, of altitude, 
in the interest of traffic separation, flights 
were turned further left to a heading of 
160 deg. and the climb was continued on 
this heading for two minutes. This de- 
parture procedure therefore accomplished 
two purposes: avoidance of densely popu- 
lated areas, and separation of Idlewild Run- 
way 31 L departures from inbound traffic to 
LsGuardia. 

The 20-dcg. turn from Runway 3 1 L to 
290 deg. is within the limits of the jet 
transport performance criteria developed 
lor noise abatement maneuvers by represen- 
tatives of the Air Transport Assn., the Air 
Lint Pilots' Assn., and Aerospace Industries 
Assn., and promulgated by the Federal 
Aviation Agency in their Manual of Noise 
Abatement Procedures. 

Since the accident, the FAA restricted 
the commencement of the first turn until 
the aircraft reaches an altitude of 300 ft. 
and also eliminated the advisory, ‘‘In the 
interest of noise abatement, do not delay 
turn to 290 deg." from the departure clear- 
ance for Runway 31L. As of Dec. 25, 1962, 
the procedure was changed to require a 
climb on a 290-deg. heading to 1.000 ft. 
before further turns arc made. 

Insofar as possible durine the investiga- 
tion, attention was directed to pathological, 
histological, and toxicological studies of the 
bodies of the flight crew which might reveal 
some indication of physical incapacitation. 
The results of the toxicological studies were 
conclusive in ruling out the possibility of 
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VIBRATION NEWS 

MB ELECTRONICS • A DIVISION OF TEXTRON ELECTRONICS, INC. 
Representatives in principal cities throughout the world 


MB’s 31st Automatic Random Vibration System 
performs tests at NASA after 2 hr. checkout 


The 31st MB multi-filter automat- 
ic equalization system passed an ex- 
ceptionally stiff test for reliability. 



The unit was rushed to NASA’s 
Goddard Space Flight Center, 
Greenbelt, Md. to meet a critical 
random vibration test schedule for 
the Explorer 15 satellite. After a 
brief 2 hr. checkout, it was perform- 
ing the first test... a tribute to the 
design of the system and to the com- 
petence of NASA engineers. What's 
more, the MB Automatic Equalizer 
exceeded the purchase specifications 
upon completion of acceptance tests. 

Reliability is designed into the 
MB Automatic Equalizer through 
its all-electronic compressor cir- 
cuit. This circuit, which provides 
automatic gain control, has proved 
itself in a wide variety of electronic 
systems. 

The MB Automatic Equalizer is 
easy to install and setup time is 
negligible. Equalization time is re- 
duced to within 5 seconds. The re- 
sult is savings in test time and labor 
in missile and aircraft manufactur- 
ing that can easily reach many thou- 



sands of dollars per missile tested. 

Operation of the MB Automatic 
Equalization System is extremely 
simple and can readily be handled 
by non-technical personnel. This 
system also provides higher test ac- 
curacy and versatility. Equalization 
to ± 1 and V2 db is obtained and 
equipment automatically compen- 
sates shifts in resonant frequencies 
and changes in amplitude. Normal 
frequency range is 15 to 2000 cps in 
25 cps bandwidths; optional equip- 


ment provides for 2000 cps band- 
widths between 15 and 10,000 cps 
by simple front panel selection. 

Probably the most important fea- 
ture of the MB Automatic Equalizer 
to practical minded test engineers 
is that its reliability has been thor- 
oughly proved in service. ..and units 
are available for prompt delivery. 

For detailed information on the 
MB Automatic Equalizer write to 
MB Electronics, 781 Whalley Ave., 
New Haven, Conn. 


to toxic gases, alcohol, 
d drugs. However, the massive destruc- 
m oi the bodies and the lack of vital por- 
tions of tissue made it impossible to obtain 
results which would give irrefutable positive 
or negative proof of incapacitation insofar 
as the pathological and histological exami- 

Studics were also made of the medical 
histories of the flight crew, but no evidence 
could be found to indicate that any member 
had physical characteristics likely to result 
in an incapacitation of any kind. Examina- 
tion of the bodies of the passengers did not 


the cause of the accident except to support 
other evidence that there had been no lire 
oi explosion in flight. 

Despite extensive damage to the flight 
recorder foil, exhaustive efforts resulted m 
restoring it to a condition whereby an aecu- 


exceptions. Both es , 
heading trace as it passed through ai 
of tears, wrinkles and abrasions: where the 
heading changed from 245 to 225 deg. M, 
and again from 214 deg. through an indi- 
cated reversal at 552 deg. Only the first 
exception is of significance to this investiga- 


port. 
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\ chart of the flight recorder data, with 
added information, is attached for reference 
(see p. 74). In discussing the recorder 
readout it must be recognized that abso- 
lutely precise time correlation of the four 
traces was impossible and errors of one or 

additional error is introduced bv the fric- 
tion and play in the recorder, resulting in 
short-period (up to two seconds) aberrations 
of airspeed, altitude and heading traces from 
the smoothie curving changes made by the 
airplane 


acceleration to 100 kt. 

Although times, speeds, altitudes and 
headings are usually expressed in terms of 
exact values throughout the flight recorder 
discussion, it must be understood that they 
arc approximate but generally accurate to 
within ±1 sec. Tile time scale used in the 
chart is based on the time of impact as 
established bv the Fordham University seis- 
mograph. Tilt- computed aircraft perform- 
ance factor. "Maximum time to 1 00K." indi- 

locvcd for the aircraft to accelerate to 1 00 kt. 

ceptable performance to this point. 

Except where otherwise specified, the 
stall speeds referred to herein are based on 
a takeoff gross weight of 247,000 lb. and a 

246,000 lb„ with a eg. position of approxi- 
mately 24%, and were determined in ac- 
cordance with applicable type certification 
requirements of Civil Air Regulations Part 
4b and Special Civil Air Regulation SR 
422B. 

Study of the four traces indicate that the 
flight was normal during the takeoff and 
the first part of the climb. The accelera- 


curred at 1007:24 when the indicated air- 
speed was 145 kt. (V„ = 144K computed). 
Lift-off occurred at 1 007:2S when the indi- 
cated airspeed was 155 kt. (V, = 157K 
computed). The variation in heading trace 
for six seconds after lift-off corresponds with 


ii for w 


drift. 




u :c indicates that the air- 
plane started its first turn to the left after 
takeoff at 1007:57 at an indicated altitude 
of about SO ft. and an airspeed of ISO kt. 
At this indicated altitude the airplane wi 
still be in its ground effect and the ac 
altitude would be 100 to 120 ft. 

The turn continued to a heading of 290 
deg., an altitude of 260 ft. and an airspeed 
of 190 kt. at time 1007:42. The rate of 
turn to this heading corresponds to a bank 
angle of about 30 deg. in a coordinated 
turn. However, the median acceleration 


e than 


■ting a slight 
40 kt. abovi 


290-dcg. 
. (1007: 
altitude of 700 ft. 


42 to 1007:54) 
with airspeed still at 190 kt. 

At 1007:54 a second climbing turn 
the left was started. This turn continued 
a nearlv constant rate of 2.34 deg./s 
a heading of 275 deg- an altitude i 
ft. and an airspeed of 192 kt. al 
1008:01. In a coordinated turn, this 


920 


ing change rate corresponds to a bank 
angle of 22 deg. with the airspeed 50 to 60 
kt. above stalk Almost coincidental with 
the end of this segment of the turn, De- 
parture Control advised Flight One to con- 
tinue its turn to 140 deg. 

During the same segment of the second 
left turn it is most likclv that the wing 
flap retraction from 20 to 0 deg. was ini- 
tiated at about 1007:57. at an altitude of 
800 ft. and airspeed of 190 kt. Retraction 
normally requires 12 sec. and this opera- 
tion would therefore have ended at 1008: 
09 at an altitude of 1,350 ft. and an air- 
speed of 200 kt. 

When flaps arc retracted from 20 to 0 
deg. it is common for the recorded airspeed 


to increase slightly. During this period the 
trace indicates such an increase from 190 
kt. to 200 kt. Ill addition, Boeing flight 
tests to simulate Flight One as closely as 
possible indicate that later retraction of 
flaps to 0 deg. would result in lower climb- 
out performance than reflected in the chart. 
Coincidental with completion of flap re- 
traction. Flight One's last recorded message 
was received by Departure Control. 

Returning to consideration of the second 
left turn, the heading change becomes 
slightly navering from 1008:01 to 1008:07, 
and in the turn the heading changed from 
273 to 250 deg., averaging a rate of 3.83 
deg./sec. Damage to this area of the flight 
recorder foil produced a slight displacement 
and rotation, with the result that the head- 
ing change rate indicated is probablv higher 
than actual. However, the difference is so 
small as to be of negligible importance in 
this discussion. With the airspeed increas- 
ing from 193 to 19S kt. at the same time, 
the bank angle svould be about 35 deg. and 
the increase in normal load factor due to 
the turn would be about 0.2 g in a coordi- 
nated turn. 

This is roughly in agreement with the 
mean value of the decreasing acceleration 
trace during the same period. Under these 
conditions the airspeeds would have been 
50 kt. or more above stall svith 20 deg. of 
flaps and 35 kt. or more above with flaps 
fully retracted. 

Starting at time 1 008:07 the heading trace 
began to record changes, the significance of 
which cannot he precisely defined. From 
this point in time, therefore, the recorded 
heading changes will be described, but the 
possible meanings to be ascribed to them, 
except where the reason for a change is 
clear, will be discussed nnder analvsis. 

At 1008:07, within six-tenths of a second, 
a heading change from 250 to 243 deg. is 
recorded: a change rate of 12 deg./sec.. 
amounting to an instantaneous tripling of 
the 3.83 dcg./sec. change rate recorded just 
prior to this time. From 1008:08 to 
1008:16 the heading trace passes through 
the badly wrinkled, abraded and tom por- 



T-33 Zero Level Ejection System Tested 

New ejection system components designed to give Lockheed T-33 aircraft ground level 
ejection capability have been tested on this rocket sled at Air Force’s Missile Development 
Center, Holloman AFB, N.M. Two dummies arc mounted in a simulated T-33 cockpit 
on the sled. Tests were completed late last year. 
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The problem was economical storage of ■ 
- 37.5 million standard cubic feet of liquid 1 

oxygen at the Butler, Pa., plant of Air Reduc- 1 
W tionSalesCompany— tobe available atabout5 lbs. 1 
f pressure. Airco worked out complete performance 1 
' specs. ■ The answer is the elevated sphere shown 
above built by Pittsburgh-Des Moines Steel Company. 
Inside diameterof the inneraluminum sphere is 44' 5". 
leight is 26' from bottom of inner tank to ground. PDM 
ndled every detail— design, engineering, fabrication, 


lion of the foil, during which time the 
heading changed from 245 to 225 deg. At 
time 1008:16. the heading trace emerges 
from the badly damaged portion of the foil 


cessation of turn at 1008:19 followed by a 
higher turn rate continuing until 1008:51, 
when a sharp reversal in the recorded head- 
ing is noted. Such an abrupt change from 
a left turn to a right turn is beyond the air- 
craft’s capabihtv and is an indication of 
gimbal error in’ the directional gyro of the 
airplane as the angle of left bank approached 
90 deg. From this time to about 1008:42 
the recorded headings are similarly in error 
due to the high roll and pitch angles of the 
airplane as it inverted and dove to the 
ground. 

At time 100S: 1 8, 100S:25 and 1008:29 
the airspeed and altitude traces indicate 

vend the aircraft's performance capability, 
and the highest peaks recorded indicate an 
airspeed of 230 kt. and 2.000 ft. of altitude 
at 1008:30. The precise significance of 
these recordings cannot be completely de- 
fined. However, a single static port losv on 
the left side of the forward fuselage is 
connected to the airspeed and altitude sen- 
sors of the flight recorder. As a result, nose 
left sideslip ( relative wind from the right I 


and high angles of attack 
plus errors in the 
altitude. 


irdcd a 




The n 


rcelcratio 


1.8 g from time 1008:26 
to 100S:30 at which time an abrupt change 
is recorded in a manner indicative of heavy 
stall buffet, which intensifies and continues 
until impact. Traces from the same make 
and model of flight recorder made during 
Boeing Co. test flights in a 707-1 31 B air- 
plane substantiate this observation. 

Immediately following the recorded peak 
airspeed and altitude, both parameters drop 
abruptly, and the airspeed trace records its 
lowest subsequent speed c ' ’ ‘ 


1008:3: 


Hus it 




in the airspeed and altitude tr 
pronounced sideslip effects coupled with 
increased drag resulting from prolonged 
heavy buffeting. 

The abrupt changes of the airspeed, alti- 
tude and acceleration traces pinpoint the 
time of impact within ± 1 see. As previously 
mentioned the impact time was established 
at 1008:49 by the Fordham University 
seismograph. 
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arch of 


n the accident. This re 
at the facilities of both /' 
and the Boeing Co. and. when deemed 
necessary, maintenance and inspection per- 
sonnel were interviewed. 

The Bight logs and the maintenance, in- 
spection and overhaul records were studied, 
with special attention directed to the flight 
control systems. Records of major modifica- 
tions performed on the airplane were also 
investigated. One instance of improper 


crank was erroneously installed at the in- 
board bellerank position of the spoiler con- 
trols in the right wing. No functional or 
operational check was required or per- 
formed upon completion of the engineering 
change order. 

On the following flight, the crew re- 
ported difficulty with unsymmetrical spoil- 
ers, whereupon maintenance personnel ad- 
lusted the speed brake and spoiler control 
rods to correct the condition. After 13 addi- 
tional flights, during which no flight dis- 
crepancies were logged concerning the 
spoilers, inspectors discovered the error. A 
correct installation and rcrigging were then 
accomplished on Feb. 25, 1962, with no 
subsequent complaints concerning the 
spoiler system as a result of the intervening 
three flights prior to the accident. Except 
for this instance, all records esamined re- 
flected that the aircraft was continuously 
maintained in an airworthv condition in 
accordance with FAA-approsed company 

All four posverplants suffered extensive 
and similar damage characteristic of a high- 
velocity, nose-dowo impact of the aircraft. 
The extent of torsional damage in the four 
engines indicates that each was operating 
at approximately 60% rpm., which is equiva- 
lent to flight idle thrust, at time of impact. 
Although detailed examinations were per- 
formed on each of the shattered engines, 
no evidence of in-flight damage or failure 
could be found. 

The crater made by the aircraft in the 
bottom of the bay was approximately 1 30 
ft. long and S to 10 ft. deep. On impact 
the wings were fragmented and the fuselage 
crushed accordion-like, breaking into many 
sections. Part of the horizontal stabilizer 
and elevator with the tip of the fuselage at- 
tached was the largest piece of structure 

The fire, w-hich ensued shortly after im- 
pact, heavily damaged the above-water por- 
tions of the airplane structure. Impact and 
fire damage was so extensive as to preclude 

the aircraft which might possibly base 
yielded important information. No evidence 
could be found to indicate that there had 
been an in-flight fire, an explosion, struc- 
tural fatigue, or overload failure. 

The cockpit area suffered the most ex- 
treme fragmentation of the entire fuselage, 
the degree of fragmentation gradually de- 
creasing toward the tail of the aircraft. The 
horizontal stabilizer broke loose at FS 
(fuselage station) 1505, with the tail cone 
intact and still attached. The vertical 
stabilizer tore out of its structural attaching 
bulkheads at FS 1440 and FS 1507 at im- 
pact. 

The landing gear was determined to be 
in the fully retracted position. There was no 
indication of defective treads on any of 
the tires, nor was there any evidence of a 
tire blow-out in any of the wheel wells. 

The skin and most of the remaining struc- 
ture of both wings suffered severe fragmen- 
tation. Examination revealed numerous in- 
dications that all wing flaps were in the 
fully retracted position. 

"Reconstruction" of the wreckage was 



We at Litton Systems don’t cling 
tenaciously to the proven concepts, 
don’t ride along on the tried and tried, 
though true. We are the world's lead- 
ing producer of inertial navigation 
systems for aircraft, but we don't feel 
like coasting along on our past per- 
formance. Back in December of 1958 
we delivered our first P-200 platform 
to Grumman for their E-1 B aircraft as 
the heart of our LN-1 A inertial system. 
Our platform production is now at a 
level the industry thought impossible 
five years ago. But we couldn't let it 
go at that. Case in point: our P-300 
platform weighing in at 15 pounds and 
occupying just 0.22 cubic feet. Despite 
these reductions, we've achieved 
greater reliability, maintainability, and 
a random drift capability of better 
than 0.01 degree per hour. 

We're looking for engineers who get 
restless, as we do, resting on their 
laurels, who would like to contribute 
to the development of our advanced 
pure inertial navigators and our astro- 
inertial-doppler and inertial-doppler 
systems. 

If you're the brand of inertial 
engineer interested in the unknown X 
rather than the known A's and B's, 
look into Litton Systems. Simply send 
your name and address for an appli- 
cation form or your resume' for imme- 
diate action. Write to Mr. J. A. Lacy, 
Guidance and Control Systems Divi- 
sion, 5500 Canoga Avenue, Woodland 
Hills, California. An equal opportunity 
employer. 

CB LITTON SYSTEMS, INC. 

Guidance and Control Systems Division 
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of the lateral control system, considering 
the extensive damage it had sustained. Of 
the eight control cables in the right wing, 
only the right wing down trim cable was 
missing and all others were in place. Of 
the eight rabies in the left wing, all were 
in place except for the bus cable ABSB, 
which was missing from WS (wing station) 
■160 outward. 

In tile right whig, most of the inboard 
aileron was burned away; the outboard 
aileron was complete. In the left wing, the 
inboard aileron was fairly well intact despite 
heavy fire damage: the outboard aileron was 
extensively damaged by the impact and fire. 
The aileron lockout mechanism of the right 
wing was determined to be in the lockcrl- 
out position. Major portions of the left 
wing lockout mechanism were not recovered, 
but the actuator screw was found extended 
to the loeked out position. 

Impact Damage 

Impact damage to three of the four 
aileron 1ms quadrants disclosed that the right 
inboard aileron was 10 deg. UP and the 
left 10 deg. DOWN at impact. No physical 
evidence of in-flight failure in either the right 
or left aileron system was found. The com- 
ponents of the right wing spoiler system 
were damaged extensively during impact. 
Examination indicated that at impact the 
right wing inboard spoilers Nos. 5 and 6 
were 2S and 11 deg. UP. respectively, and 
the outer panel of the right outboard spoiler 
was -10 deg. UP. 'Flic left wing spoiler sys- 
tem sustained severe impact damage and 
heavy fire damage, and the spoilers were 
found in the full DOWN position. 


A tear-down inspection of the eight 
spoiler actuators and four spoiler control 
valves revealed that these components were 
capable of normal operation prior to im- 
pact. Severe damage to the lateral control 
system due to impact and fire precluded 
the examination of some essential parts. 
Both cockpit control wheels were deter- 
mined to be slightly beyond the position 
for a full right wing down control command. 

Examination of the horizontal stabilizer 
rewealed no evidence of any malfunction. 
Measurement of the position of the nut on 
the stabilizer jackscrew corresponded to a 
cockpit indication of 2.3 units nose UP 

On impact the vertical tail tore completelv 
loose from the fuselage, landed on its right 
side in the area of the most intense fire, 
and the rudder and tab were almost com- 
pletely destroyed bv fire. The upper por- 
tion of the vertical stabilizer was severely 
damaged by impact and fire but the remain- 
ing identifiable parts included the rudder 
boost unit, the tab damper, and portions of 
the Q bellows assembly. The latter was 
partially consumed or melted but was still 
attached to structure; all cables and fittings 
were in place down to the Q-rocl front fit- 
ting where the rod had melted away. 

The aft rudder control quadrant had 
melted, but the cable attach ends, with at- 
tach brackets and bolts still installed, were 
found in a mass of solidified metal. How- 
ever, it was impossible to differentiate the 
remaining portions of the control cables 
from those of the servo cables. The aft 
fitting of the rod attaching to the rudder 
boost control valve was properly bolted and 


safetied. No other part of this rod or any 
portion of the attaching ratio bcllcrank, tab 
control rod, or rudder quadrant control rod, 
could be found. 

The rudder control (compound) bell- 
crank was found with all the rod ends prop- 
erly attached. The rudder trim torsion rod 
was in place with its upper end pushed up 
into the sleeve, and thus disengaged, as a 
result of impact deformation. The trim 
drum and gears were recovered and appeared 
to be in normal condition. The rudder 
centering spring mechanism showed no evi- 
dence of cables climbing out of the pulley 
grooves. 

Wreckage Search 

After removal of the main wreckage to 
a hangar, the accident site was combed 
with hand rakes. U. S. Army personnel, 
with mine detecting equipment, later as- 
sisted in the search for wreckage. Because 
of adverse weather conditions and excep- 
tionally high tides, recovery of the wreck- 
age was difficult and slow. 

A hydraulic dredge was employed to re- 
cover pieces believed to lie imbedded in 
the muck. This operation was conducted 
for a period of three to four weeks, during 
which time numerous pieces of wreckage 
were recovered. The search was continued 
using a crane with clam-shell digging equip- 
ment, resulting in recovery of additional 
wreckage. Some of the wreckage recovered 
was in the form of metal masses resolidified 
after having melted. These were given X-ray 
examination and in some cases chipped 
apart for study. 


tion equipment revealed frequency selec- 
tion in the recovered equipment appropriate 
for the period of flight in question. 

The electrical system was studied for 
any indications of an electrically caused fire 
in flight or the malfunction or failure of 
any system due to electrical faults. Although 
the thoroughness of this study was restricted 
by impact and fire damage, no evidence was 
found to indicate that an electrical are. 
short, or overload had existed in the electri- 
cal system prior to impact. Numerous in- 
dications obtained from the wreckage dis- 
closed that electrical energy was present at 

hydraulic system, also damaged by 
fire, yielded evidence that it was operating 
until time of impact. The previously men- 
tioned positions of the inboard and out- 
board spoilers in the right wing, which 
require both utility and auxiliary system hy- 
draulic power, is one such indication. Ultra- 
violet examination of the face of the rud- 
der system hydraulic pressure gage, located 
in the first officer’s instrument panel, re- 
vealed an outline of the hand at 3.800 psi. 
Tire pressure transmitter, which actuates this 
gage, cheeked normal when tested. 

The rudder hydraulic pressure control 
valve, electrically operated, was determined 
to be in the electrically de-energized, or 
3.000 psi.. position normal for airspeeds 
below- 241 kt. The electrically operated rud- 
der pressure shutoff valve was also deter 
mined to be in the pressure ON. electrically 
de-cnergized position. \\ lieu disassembled, 
it was found that the nickel plating had 
partially peeled or flaked awav within both 
of these valves. However, subsequent tests 


by Boeing indicated that any nickel par- 
ticles thus released into the system would 
not adversely affect the operation of tire- 
rudder boost unit due to a filter at the boost 

Rudder damper measurements corre- 
sponded to a rudder position of 17.5 deg. 
LEFT. The piston of the hydraulic actu- 
ator of the rudder power control unit was 
extended 'A in. from neutral in a direction 
corresponding to a position of 9 or 10 deg. 
RIGHT rudder. Due to various factors, the 
heat of the ground fire would not tend to 
produce any changes in this position. This 
is the rudder travel which can be produced 
by 200 lb. of pedal force at 200 kt. air- 
speed with boost OFF. The actuator con- 
trol valve spool had moved beyond the posi- 

had been driven through the rear end of 
its housing. Severe fire damage was evident 
at this point. However, the overdriven 
position of the spool was obviously a result 
of impact forces. 

Disengage Switches 

The autopilot disengage switches on the 
captain's and first officer’s control wheels 
were found with the buttons in a depressed 
positon beyond normal travel. A special 
study was conducted to determine the sig- 
nificance of this finding. Examination re- 
vealed that both operating button plungers 
had thrust completely through the bakclitc 
bottom of the switch. Normal operating 
pressure on the disengage button is 3 to 4 
111. Tests showed that a load of about 9(1 
lb. is required for the plunger to break 
through the bakclitc bottom, a force be- 


yond the physical capability of a pilot's 
thumb to produce, considering that most 
of the thumb pressure would be applied to 
the switch plate rather than to the button. 

No marks on the top of either plastic 
button were found to indicate they had 
been struck by harder aircraft structure 
during impact. Tests prior to disassembly 
of the switches and visual examination after- 
wards showed that the electrical contacts 
were open in both swatches, corresponding 
to autopilot disengagement. However, the 
positions of the contactors were abnormal in 

dition of the plungers. As a result, the 
condition of electrical discontmuitv is not 
indicative of the switch positions immedi- 
atelv prior to impact. 

The automatic flight control system was 
extensively investigated. Ibis system pro- 
vides automatic coordinated control of the 
airplane, and a damper control mode is 
available to augment yaw stability when 
the airplane is controlled manually* The 
autopilot is an electronic, electromechanical 
device that converts small electrical input 
signals into mechanical movements of fire- 
control surfaces. Sensing devices generate 
signals that are amplified and converted to 
electrical power used to energize servo 




C-BAND METEOROLOGICAL RADAR 
. . . sets new standards for weather analysis 1 


At Curtiss-Wright, new applications of science and 
technology develop products which become integral parts 
of military and industrial programs. 

Product in Point: C-Band Meteorological Radar— this pre- 
cision, land-based system obtains more accurate weather 
data than can now be acquired by any standard radar unit. 
It provides greatly increased cloud penetration yielding 
new and vital information for the detection and analysis of 
storms, tornadoes and other weather phenomena. 

This equipment is but one example of the challenging 
radar projects being carried out by Curtiss-Wright engi- 


neers. Others include the RMT-100 radar maintenance 
trainer nowin wide service throughout the world; Model 57-9 
six-target radar simulator currently training air traffic 
control personnel; plus the more elaborate Model 58-2 
two-target, three-dimensional radar target simulator. 

These and other advanced activities have created 
immediate opportunities for systems engineers and circuit 
designers with RF and video experience. 

For complete information, write Mr. F. Gene Kelly, 
Manager of Professional Placement, Electronics Division. 
An equal opportunity employer. 
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35 MARKET STREET, EAST PATERSON, N. J. 


“When you buy a micro- 

wave tube from us, you’ve got a 

right to expect it to perform in precise 

conformance with the operating parameters set forth in our 
data sheets. And it will. One reason, if I may blow the Varian horn 
a moment, is the extensive system of quality controls we impose on 
tiie manufacture, testing, and shipping of our microwave tubes. This covers a lot 
of things, from the maintenance of ultra-clean assembly rooms to the compiling 
of a complete history' on every tube at Varian. This report covers every tube in 
manufacture, in test, waiting shipping, in inventory, and so on. This kind of qual- 
ity control costs us plenty, but we figure that you, as a customer, not only expect 
it, but deserve it. It’s my job to see that you get it.” George Reylmg, head of Quality 
Control at Variant Palo Alto Tube Division. 


TUBE DIVISION, Palo Alto, California \ VARIAN ASSOCIATES OF CANADA, LTD., Georgetown, Ontario 
BOM AC DIVISION, Beverly, Massachusetts | SEMICON OF CALIFORNIA, INC., Watsonville, California 
S-F-D LABORATORIES, INC., Union, New Jersey \ SEMICON ASSOCIATES, INC., Lexington, Kentucky 





Super Constellation Converted to Oceanographic Laboratory 

Lockheed EC-121K (WV-2) has been modified into an aerial laboratory for the Naval OccanographieOflicc by Lockheed Aircraft Service Co- 
Ontario. Calif. Aircraft will investigate thermal structure, sea surface temperature, ocean waves and low-level meteorological phenomena. 


motors which actuate control surfaces di- 
reetlv or through hvdrauhc actuators. 

The voltage generated by a sensing device, 
as it is applied to the amplifier input, is 
modulated by other voltages generated by 
a sensor of control surface movement. These 
modulating voltages originate in surface 
position transmitters and in units that signal 

combined input signal level is in the order 
of one volt. 

Tire control panel for this flight control 
system was not recovered from the wreck 
age. though portions of some of the controls 
were. I tie autopilot engage switch was 
recovered and was found jammed in a posi- 
tion slightly toward the autopilot engage 
position; this direction was also that of im- 
pact forces. The control unit contains two 
rate gyros that sense rotation rates m pitch 
and yaw. Transmitters actuated by these 
gyros generate electrical signals, the strength 
aiid sense of which arc governed by angular 
velocity of the aircraft. These are fed to 
the input of the main autopilot amplifier, 
and if the autopilot or yaw damper is en- 
gaged, certain control surface movements 
will result. 

Rate Control Unit 

The rate control unit was recovered with 
the cover of the housing collapsed inward, 
but no marks to account for this damage 
could be found. The yaw gyro was not on 
its mounts. The pitch and yaw gyros are 
identical except for the direction of spin 
axis, and there was a definite difference in 
damage to these gyros. The frame holding 
the yaw gyro had a large section broken 
from the side and the missing section was 
not found. 

The frame holding the pitch gyro was 
whole and intact. 

The surface servo units arc electrome- 
chanical devices which convert electrical 
signals into proportional mechanical forces 
that adjust the aircraft control surfaces. 
Each servo contains an electric motor which 
is geared to a pulley through a clutch. In 
this airplane the pulley drives a cable which 
is connected to a tab on each of the pri- 


mary control surfaces and to the power unit 
in the rudder system only. Hie electrical 
signal from the amplifier drives the motor 
and eventually the flight control surface. 
As the control surface moves to the desired 
position a follow-up autosyn generates a 
signal in proportion to surface displacement 
which opposes the original initiating signal 
and stops the surface at the desired displace- 


Rate Generator 

Mounted on the end of the servo motor 
shaft is a rate generator which develops a 
voltage in proportion to the motor speed, 
and in opposition to the initial input signal. 
The electrically energized clutch of the 
servo is engaged when the autopilot (or saw 
damper in case of the rudder servo 1 position 
is selected. 'I lie motor, rate generator, fol 

all enclosed in a east aluminum allov lious- 

Thc rate generator and end bearing for 
the servo motor shaft arc enclosed in 
a cylindrical protection of the bell housing 
on the servo motor assembly. This projec- 
tion is about | in. long and about 1 i in. 

A large disc-shaped flange of the end bell 
is recessed below the end of the motor case 
approximately fli in. and is retained in this 
position by a snap ring. The gap between 
the inner diameter of the motor case and 
outside diameter of the cylindrical projec- 
tion is approximately § in. One of the 
wire bundles in the servo assembly which 
contains the eight wires to the servo motor 
and rate generator is wrapped completely 
around the end bell projection and is 
snugly held against it at the comer formed 
by the projection and the disc. 

' All of the servo units from N 7 50 6 A 
were recovered and examined with the other 
components from the autopilot system. 
Each servo was visually checked for dam- 
age and none of the servos was found to 
have been damaged by fire, but all were cor- 
roded from exposure to salt water and 
marked or broken to some extent. Continu- 
ity and visual checks were made of the wir- 


ing and components. Nothing could be 
found in the examination of the aileron and 
elevator servos to indicate the existence of 
a malfunction prior to the accident. 

A large portion of the housing of the 
rudder servo was missing, partiallv exposing 
the servo motor. The rate generator end of 
the motor was completely exposed. The 
continuity check of the rudder servo wiring 
showed an "open" in the rate generator cir- 

Thc rate generator was then disassem- 
bled but no faults were found until the 
protective sleeving covering the wiring to 
the rate generator and motor was removed. 
The wire with brown insulation and the- 
n-ire with orange insulation were found to 
be severed. The blue wire was holding to- 
gether with only one strand. Some of the 
strand ends of these wires bore the appear- 
ance of having been cut by a sharp edge, 
some were pinched and flattened, and some 
were necked down, as disclosed during 
microscopic examination by the Board's 

Wire Connections 

The brown wire connects the output of 
the rate generator to the input of the auto- 
pilot amplifier. The blue wire connects IS 
v.3.c. to the rate generator input and the 
orange wire is the ground or return side 
of the IS v. input. The separations in the 
wires were adjacent to each other. The 
protective sleeving was then examined, and 
a transverse separation having the appear- 
ance of a cut or slice, with a puncture-like 
indentation at one point in the sleeving 
separation, was seen to he adjacent to the 
severed wire ends. 

When repositioning the wires about the 
rate generator a series of radial scratches 
and/or gouges was noted on the end bell 
of the servo motor under and in line with 
the wire bundle damage. The sleeving sepa 
ration extended approximately three-fourths 
of the way around its circumference, one 
end being below center on the extreme- 
outer periphery of the bundle as wrapped 
around the end hell projection. 

Tile separation extended from this point 
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up around the top of the bundle and down 
the side adjacent to the projection approxi- 
mately one-third of the distance to the ex- 
treme inside diameter of the bundle, as 
wrapped around the projection. 

Just below this end of the separation 
there are three indentations in the sleeving, 
two of them connected by a linear depres- 
sion in line with the separation. I he lower 
two of these indentations are on the sleev- 
ing surface norniallv in contact with the 
surface of the projection. Approximately 
Vi in. from the separation area and on the 
surface of the sleeving adjacent to the sur- 
face of the projection, there are several ad- 
ditional indentations and punctures. 

It was also observed that the wire and 
sleeve damage and the scratches on the end 
bell were in an area somewhat protected by 
the end bell projection and the projection 
of the motor case above the end bell disc. 
No marks could be found on this assembly 
in the area of the wire damage which would 
indicate that the wire bundle had been 
struck by some object or otherwise damaged 
during the break-up. On the end of the 
servo motor case at the point nearest the 
clutch housing, the outer surface of the 
case is flattened and scratched by interfer- 
ence with some other object. 

Rudder Servo 

To determine, if possible, whether the 
damage found on the rudder servo w-as 
unique, the aileron and elevator servos were 
re-examined. The end bell surface of the 
elevator servo motor w-as found marked and, 
although corroded, the surface of the end 
bell also appeared to have been scratched or 
marked. Eight spire servo unit motors from 
the American Airlines stock were then ex- 
amined. and six of these had the same type 
of scratching or gouging as found on the 
rudder servo from N 7506A. Some of them 
also had similar indentations or iinjnints 
on the sleeving enclosing the wires. 

In each of the cases examined, the marks 
on the end bell and sleeving were observed 
to be adjacent to each other and it was also 
noted that this damage occurred at the 
same radial position on the end of each 
motor. In each case where the sleeving 
was marked or indented, the scratch marks 
appeared on the end bell. One of the 
scratched units from the American Airlines 
stock still bore the manufacturer’s seal indi- 
cating that it had never been disassembled 
since last leaving the factory. 

As a result of these findings, inspection 
of servo units was made on the production 
line at the manufacturer's plant. Board in- 
vestigators enlisted the aid of the FAA 
manufacturing inspectors, who found six un- 
satisfactory units. 

Marks, indentations and electrical wire 
damage within the sleeving w-cre found, 
which was similar to the damage previously 
mentioned. FAA inspectors determined that 
this damage had occurred as a result of im- 
proper use of tweezers when tying the wire 
bundles to the motor housing. Additional 

aged protective sleeves, but no wire damage 
within the sleeves. 

At the request of Board investigators, the 
damaged rudder servo unit from N 7506A 
was subjected to a searching examination and 
analysis by the manufacturer at his plant. 
Ill a report of this examination, which was 


later submitted to the Board, the manu- 
facturer concluded that it would be highly 
improbable for the unit to pass the elec- 
trical requirement of the final assembled 
servo if a lead or leads within the protec- 
tive sleeving were severed during assembly. 
The manufacturer further concluded that 
his examination indicated that the damage 
could have been the result of flying frag- 
ment damage to the sleeving and leads at 
the moment of impact. 

Discovery of damage to the wire leads 
to the autopilot rudder servo from N 7506A 
dictated studies to determine what effects 
such damage could have had on the per- 
formance of the airplane. The Boeing Co. 
was requested to perform the necessary 

As a result, bench tests were first con- 
ducted to determine what autopilot system 
degradation or malfunctions could occur. 
These tests showed that a hot wire failure 
of the 18 v. excitation lead, i.c. blue or 
orange making contact with the brown sig- 
nal lead, produced a "yaw damper hard- 



thc particular connections used. They also 
showed that loss of excitation voltage as a 
result of the severed 18 v. lead produced 
only insufficient servo damping. 

Flights were also conducted in an at- 
tempt to duplicate the bench test malfunc- 
tions w-lulc simulating approximately the 
flight conditions of N 7506A. A Boeing 
707-13 IB was used in the flight tests. 
Duplication of the crossed-wires malfunc- 
tion in one maneuver, starting from a 30- 
dcg. banked turn to the left at constant 
altitude produced in e ight seconds a left rud- 
der deflection of 7 deg. at 210 kt. IAS. 
causing the airplane to sideslip and to roll 
to the left. Although the hard-over signal 
was continuously applied throughout the 
maneuver and recovery action was delayed 
for four seconds, sufficient aileron control 
was available to stop the roll at 56 deg. in 
1 A see. and then to level the wing. 
Rudder Pedal Force 

Measurements showed that a rudder pedal 
force of "3 lb.* was required to move the 
rudder back to neutral against the hard- 
over servo force. Duplication of the open- 
wire malfunction produced a small ampli- 
tude oscillation which was hardly perceptible 
in the response of the airplane. These flight 
tests were conducted in conditions of 1.0 g 
flight loads. 

Other studies and flight tests were made 
by the Boeing Co. in an effort to pursue 



(les-eloplng maximum torque. BoeltiK cer- 




Floating Atomic Reactor Authorized 


Construction of a floating atomic powcrplant, capable of providing 10,000 lew. of power to 
military units on shore, lias been authorized by the Army Corps of Engineers. Martin Co.'s 
Nuclear Div., Baltimore. Md„ is prime contractor for the system, which will be housed in a 
rebuilt Liberty ship, the Walter F. Perry. Philadelphia District Engineer will administer 
the 515,837,643 contract for the atomic powcrplant. 
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Switching Systems for Global Communications 

In a world where the most remote points are only missile-minutes apart, communications plays a vital role. Pressed by 
the increasing traffic demands of voice, teletype and data communications, improvements in switching systems must 
keep pace. Thanks to the dedication, ingenuity and persistence of its technical team, ITT Kellogg has long been a pace 
setter in the design of new and better switching and communications equipment. The Communications Systems 
Division's recent development of solid state switching systems opens a new era in smaller, more reliable and efficient 
communications facilities. One dramatic example: the need fora new military switching system resulted in ITT Kellogg’s 
development of a fully electronic 200-line, 30 trunk Private Automatic Branch Exchange that can be installed in20 percent 
of the space, at 15 per cent of the weight, and using 10 per cent of the power previously required. For reliability and econ- 
omy in switching and communications systems, it's ITT Kellogg-the organization that meets tomorrow's demands today. 

ITT KELLOGG COMMUNICATIONS SYSTEMS 



deflection-time historic's than those of Proj- 
ect RACE. Roth the Boeing ami the Proj- 

"1 g" maneuvers which did not approach 
the high vertical accelerations and lift co- 
efficients experienced by Flight One. 


Analysis and Conclusions 

Throughout the investigation, numerous 
possibilities as to the cause of the accident 
were considered and the merits of each were 
carefullv examined. With the evidence that 
was amassed, all possibilities were narrowed 
down to the following areas which will be 
discussed in this report: physical incapaci- 
tation of the crew: loss of engine power; 
lass of lateral control; malfunction of the 
rudder boost system, and malfunction of 
the rudder servo unit. However, prior to 
detailed discussion of the causal areas there 
arc several subjects of pertinent interest 
which must lie treated. 

It is important to keep in mind that, 
except where otherwise specified, the stall 
speeds referred to in this report apply only 
to coordinated flight conditions at the ap- 
proximate eg. position of Flight One and. 
that stall speeds for high sideslip angles and 
extended spoilers are higher. 

It is also important to note that initial 
stall buffet is caused by separation of the 
airflow on the inboard portions of the wings. 
With increasing angles of attack tile stalled 
area spreads outward until the sving is com- 
pletclv stalled. Initial buffet may occur at 

sudden shock exerted upon the airflow, such 
as turbulence or a rapid aileron control 

If the speed margin prior to such initial 
buffet is large and the initiating influence 
is of short duration, the buffet will cease 
on remos'al of the influence. However, if 
the aircraft was operating very close to the 
initial stall buffet speed immediately prior 

well persist after removal of the input. 
Under this condition, an appreciable de- 
crease in angle of attack is required to re- 
store laminar flow. 

The initial buffet felt by the pilot results 
from the start of a stall in the inboard sec- 
tions of the wing, and control surfaces in 
these areas become less effective. With the 
outboard ailerons locked out. as is the case 



Boeing 707-tvpe aircraft arc equipped 
with a stall warning device in the form of 
a "stick shaker" which vibrates the control 
column to warn the pilot of an impending 

oi more knots higher than noticeable buffet, 
with little change in the margin during 

up and zero sideslip, stick shaker actuation 
and initial buffet arc at the same speed. 
With 5 deg. sideslip, there is approximately 
a 5-kt. differential between the speeds at 
which the stick shaker actuates and those 
at which initial buffet occurs. 

As shown by the pilot's and copilot's air- 
speed indicators, the sense of this differ- 


ential for a given sideslip direction is de- 
pendent on the particular airspeed indicator 
referred to. For nose left sideslip, the pilot's 
airspeed indicator reads high, with the result 
that stick shaker actuation occurs at lower 
than stall buffet speed as shown by his air- 
speed indicator. Nevertheless, with either 
flaps UP or at 20 deg., the device actuates 
at speeds 18 to 20 kt. above the CAR stall 
speeds. Later, these relationships will be re- 
ferred to during discussion of the causal 


It must also be Ironic in mind that swept- 
wing airplanes arc subject to a more pro- 
nounced roll-yaw Coupling than straight- 
wing aircraft. This roll due to yaw was re- 
ferred to as "dihedral effect" on straight- 
wing airplanes. When a swept-wing air- 
plane with dihedral saws, not only is the 
advancing wing at a higher angle of attack 
but it also presents a greater span to the air- 
stream. Also, the retreating wing is less 
effective due to the change in airflow to a 

111 The *hft ' diffcrcntia^dcvclopcd by the 
swept wings is therefore higher and produces 
a greater rolling moment than would be 
experienced with a straight-sving airplane 

fore, that roll due to yaw input of the rud- 
der is much more pronounced on swept- 
wing than on siraight-wiug ai '* 

• Physical incapacf 

recoverable body 
medical evaluation, resulted in a lack of 
conclusive positive or negative proof of 


if the crew: Un- 


c conclusive in 
incapacitation due to toxic gast 
and drugs, and the crew’s medic; 
also disclosed no reason to sus 

Flight One’s last radio trails: 
1008:09 revealed no sign of crew 


uling o 


linn. Though not conclusive, an indication 

impact ss-as the downward bending of each 
right rudder pedal, evidence that both were 
applying pressure to these controls at the 
time of impact. The fact that the control 
wheels were found calling for full right wing 
down is also indicative that at least one of 
the two pilots was still attempting recovery 
action at impact. It is apparent, then, that 
anv incapacitation of the crew would have 
occurred only between 1008:09 and some 
undeterminable number of seconds before 
impact, an interval of less than -10 sec. 

The flight recorder indicates the first 
deviation from normal dimbout to start at 
1008:12 and that flight conditions at about 
100S: sO were beyond the possibility' of suc- 
cessful recovery action. The 21-sec. interval 
between 1008:09 and 1008:30 is, therefore, 
the most logical interval of time to be con- 
sidered wherein crew incapacitation might 


Physical Incapacitation 

'Hie possibility of both pilots becoini 
physically incar ' 


is to he eliminated from : 
sidcration whatsoever. The history 
dents involvi 
flight 


rsa. little information tc 


ontrollability of a: 
voluntary control forces that might be ; 
plied could vary from a negligible to a si 

However, incidents of operator disah 
ment while driving motor vehicles has 
dicatcd that severe pain usually causes t 
driver to double over or slump forward, a 
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AVIATION WEEK & SPACE TECHNOLOGY, 


30th Inventory of 
Aerospace Power Issue 

March 11,1963 


Never before have aerospace in- 
dustry developments played such 
a dominant role in the shaping of 
world affairs. Countless millions 
have witnessed with excitement 
the manned orbital flights ... the 
pioneering achievements in global 
communications via Telstar ... ini- 
tial exploration of the planets by 
satellites like Mariner II... prog- 
ress on the revolutionary super- 
sonic transports . . . and official ac- 
knowledgment of the Apollo lunar 
landing program as America's goal. 
Clear understanding of these 
events by engineering, scientific, 
government and industry planners 
is vital to the economic welfare 
of our industry. As we have for 
the past 29 years, AVIATION WEEK 
& SPACE TECHNOLOGY will tackle 
this challenging editorial task in 
our March 11, 1963 INVENTORY 
OF AEROSPACE POWER issue. 


The largest full-time editorial staff 
in aerospace publishing — thirty- 
four graduate engineers and aero- 
space specialists— will reveal the 
short and long range significance 
of hundreds of international tech- 
nical and market developments. 
Included will be charts, graphs, 
tables and other editorial informa- 
tion covering all aspects of indus- 
try progress. Budgets, plans and 
programs on missiles, aircraft, 
space vehicles, support equip- 
ment, engineering, space technol- 
ogy and civil air transport develop- 
ments will be featured. 

The INVENTORY OF AEROSPACE 
POWER issue will reach over 
84,000 engineering-management 
subscribers- the largest audience 
in aerospace publishing. These 
men who must maintain an indus- 
try background that is technically 
sophisticated and up-to-date, ea- 


Aviation Week 

& Spate Technology 


A McGRAW-HILL PUBLICATION 

330 WEST 42ND STREET. NEW YORK 36, N. Y. 

ABC PAID CIRCULATION 83,779 



gerly await the annual forecasts 
and previews presented in the 
INVENTORY issue. 

This is a rare opportunity to place 
your sales message where the de- 
cision makers of the aerospace 
industry will see it... read it... 
and refer to it during the months 
to come. In addition, reader service 
cards are included to expedite 
reader inquiries for additional in- 
formation from advertisers. 


Don’t miss this chance to iden- 
tify your company's role in our 
nation's defense effort, by 
advertising in AviatipiLWeek’s 
30th In ventory of Aerospace 
Power issue. For further 
information, write, wire or 
better yet phone your Aviation 
Week District Manager now. 







Longer service. 


Less bounce. 


More stability. 


Helicopter design has made much progress in solving vibration problems, improving 
comfort, reducing structural fatigue. ■ Here are three recent contributions from Lord 
for helicopters. Longer service results from a special “soft" drive coupling which trans- 
mits power smoothly, reduces alternating torques in main transmission, extends overhaul 
periods. Less bounce is the feature of a landing gear snubber. It cushions landing gear 
shocks and controls ground resonance effects. More stability is achieved by a special 
damper which controls helicopter rocking motions. It is used in a Lord low-frequency 
rotor suspension system. ■ These are only three of many Lord developments to improve 
helicopter performance. Talk to us first on your problem — then expect more. Contact: 
Lord Manufacturing Company, Erie, Pa. Field Engineering Offices in principal cities. 
In Canada: Railway & Power Engineering Corp., Ltd. 






FALL IN 


New-type re 


assembles 




computers 


;ital computer is as finicky as most, it won't 
i magnetic tape that 
tal k s li k e t h is 


Which means that life can be difficult for people who 
have data that is otherwise perfectly reputable, but just 
doesn't happen to occur at the right time intervals to 
suit the computer. 

Now comes a wonderful device that will gladly accept 
irregular data — such as the output of a teletypewriter 
or an analog-to-digital converter — and put it on mag- 


netic tape just the way the computer wants it. The 
secret is incremental tape motion. Our new recorder 
stands still awaiting each character, records it, then 
moves the tape a uniform distance to await the next. 
As a result, whether characters arrive 100 per second 
or 1 per month, they are recorded in a proper, uniform 

The PI incremental recorder shown here records 200 
bits per inch (556 BPI optional), a recording fully com- 
patible with the input requirements of IBM computers. 
To tell you more, we've put together a brochure fully 
compatible with the input requirements of discrimi- 
nating users. Send for bulletin #73; address us at 
Stanford Industrial Park, PRECISION 
Palo Alto 21, California. INSTRUMENT 
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failure of the link rod. This could re 
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dicated in the accompanying chart, lift co- 
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crank, which in ( 

the control valve ot the power trait bv means 
of one rod; and to the rudder tab by means 
of another rod, a compound bcllcrank in the 
i udder leading edge, and finally, a rod bolted 
to the tab horn. A Q-spring assembly sup- 
plies modifying forces to the rudder control 
system, mainly to provide artificial feel when 
tiie rudder is deflected more than 17 deg. 

at the compound bell- 
crank in the rudder leading edge. When i 
force is applied I " " " " ~ 


ic rudder . 

n of the ratio bcllcrank 
ales both the tab and the power unit 
trol valve causing both aerodynamic I 
and forces front the power unit to 
the rudder in the desired direction. 


of the actuator of this unit 

means of another pivot holt. This results in 
displacement of the power unit case with 
movement of the rudder. This movement 
of the case provides follow-up action which 
centers the control valve spiral when the 
rudder reaches the desired deflection. The 
rudder power system normally receives hy- 
draulic pressure from one anxiliarv hvdraulie 
ring takeoff and climb Amcri- 
cquires both auxiliary pumps 
to be ON to supply pressure to the rudder 
power system. 

At speeds below approximately 250 kt. 

speeds increase through 250 kt. an airspeed 
switch actuates the rudder pressure control 
valve, reducing the hvdraulie pressure to 
1,000 psi. The power control unit in N 
7506A could be deactivated by operation 
■Ic mdder boost switch 




of a guarded toggl 
located in the right 
head panel in the < 
dent, the carrier hr 

panel, mailing it more rcadi 


>f the O' 
c the ai 


relocated this 

of the overhead 
testable to 


could hove resulted from the needle being 
displaced from the normal >,000 psi. range 
due to hydraulic-king effects at impact. It 
is also possible that immediately prior to 

due to previous actuation of the rudder 
boost switch to the OFT position, and that 
distortion of the gage at impact resulted in 
the hand moving counterclockwise from 
aero to 3.S00. Hie rudder boost switch 
guard, the handle and the ssvitch mechanism 

'll 5 Ibis' 1 ssvitch 3 waT ON or OFF 


prior to impact. 

Bolt Theory 

Any failure in the control salve link rod. 
the ratio bcllcrank, or structure supporting 
the bcllcrank: or disconnect of either the 
bolt attaching the rod to the hellerank or 
the piTOt bolt for the ratio bcllcrank, would 
prevent normal application of both control 
input and follow up action to the control 
valve. Tlic bolt connecting the actuating 
rod to the control s-alve was found still in 
place. However, as stated previously, the 
above mentioned parts were not recovered; 
therefore, no determination could be made 
in regard to continuity in this area. 

attaching the ratio bcllcrank to the forward 
end of the valve actuating rod was gis-en 
considerable attention during the investiga- 
tion. It must he noted that this bolt has a 
countersunk head and is installed head down 
to avoid interference with a stiff, flexible 
hydraulic hose connecting to the power unit 
case. Ill is hose passes dircctlv under the 
holt head with approximately Vi -inch clear- 
ance. It is pertinent to note that the hose 
axis is essentially parallel to control input 
movement of tlic bolt in question. There- 

could drop down and cl'mti 
where it would ride back and forth with 
subsequent movement of the controls. It 
is possible that the bolt could drop out cn- 


dcr position al 


Rudder Deflection 

Damage to various components of the rod 
’ onflicting evidence of rue 

apart. However, study n 
dicates that the most re 
liable evidence of rudder position was tha 
indicative of 9 to 10 deg. right rodder dt 
flection. The impact deformation to th 
right rudder pedal assemblies, distinctly dil 
ferent from that to the left rodder pedal: 
was indicative of both the captain and th 
first officer applying right rudder pressur 
at time of impact. 

The fact that the right inboard and out 
— j - — '. rs werc [ oun( | extended is ir 
both auxiliary and utility In 
l part. This 


board . 
dilative 


...in ,u supply hydraulic press 
iui iiumial operation of all systems, iniiuu- 
ing the rudder power system. Tlic rudder 
system hydraulic pressure gage indication of 
5.300 psi. is above the normal operating 
range. This position during impact breakup 


restricting control movement and/or rup- 
ture of the hydraulic hose. A worldwide in- 
spection campaign of 707 type aircraft re- 
quired by the FAA since this accident dis- 
closed that in all aircraft this bolt was prop- 
erly installed and safe-tied. 

A study of the results from Boeing and 
Project RACE tests, in conjunction with the 
flight recorder traces for Flight One. indi- 
cate roll effects from sideslips which could 
possible- result from a malfunction in the 
rudder boost system caused by any of the 
control valve disconnects mentioned above. 
Control valve importing which may result 
from such disconnects could lie sufficient to 
cause full hydraulic flow rate to the power 
cylinder, or it could be at a lesser rate due 
to the throttling effect of a small uncentcr- 
ing of the rudder control s-alve. These tsvo 
variations will he discussed separately in the 
following paragraphs. 

Considering first the case of a full hydrau- 
lic flow rale to the power cylinder (maxi- 
mum rate hard-over) starting at about time 
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DALMO VICTOR S "MAD” SYSTEM SPOTS UNDERSEA SUBS In the vast, almost unexplored regions of 

inner space, potentially hostile subs may roam. Quick detection of such activity is a key factor in the 
Navy's undersea warfare capabilities. □ Such a project is Dalmo Victor's “MAD" System ... Magnetic 
Airborne Detection. This antisubmarine warfare system is an advanced product of DV's oceanographic 
section. The "MAD" vehicle, towed here by a Bell helicopter, carries a head sensitive to the earth's 
magnetic field. Sudden change in the known magnetic field indicates the presence of a submerged 
submarine. Surveillance can be continued indefinitely. □ This ASW system is another example of 
Dalmo Victor's integrated systems capability. DVis in the vanguard of new developments in our major 
product areas. If you are interested in becoming part of these challenging programs, Dalmo Victor cur- 
rently is accepting applications from qualified scientists and engineers. For further information contact: 
Director, Scientific and Engineering Personnel. 


DALMO VICTOR COMPANY 

ISIS INDUSTRIAL WA Y • BELMONT ■ CAUF. 





1008:12. tlic variations of indicated altitude 
and airspeed shown in the flight recorder 
chart do not correspond to the high sideslip 
angles which can be predicted as a rcsidt of 
full rudder displacement. Tire Boeing test 
data show that maximum rudder deflection 
would probably occur in less than two sec- 
onds with maximum rate hard-over produc- 
ing extremelv violent airplan “ 

■' probable high i — 




ite of rudder di 


:t with ii' 
rot stop tl 


d lateral 


Tire U! 


than four seconds the sideslip 
d up to about 14 deg. which is 
the maximum sideslip reasonably 
from the flight recorder traces 
ate of sideslip increase about 8 


tl deg. < . 

d delay in starting the 
recovery attempt, would produce sufficient 
control to stop the roll, but not sufficient 
to decrease the bant angle. However, ap- 
proximately the same sideslip angle and side- 

lt with the flight recorder traces. 


in agreement v 
The use of 


ic thms 


nntrol at 


roll and sideslip, but the ma: 
angle and rate would still be m 
than indicated by the flight recorder traces. 
From a practical viewpoint it appears highly 
unreasonable to assume that the pilot would 
accomplish this sequence of corrective ac- 
tions in the one-second time interval. Any 
additional delay would make the disparity 

As a result it is concluded tnat this acci- 
dent could not have been initiated bv a 
maximum rate rudder hard-over. 

Considering secondly the case of a small 
imccutcriiig of the control salve, the flow 
rate could conceivably be throttled suffi- 
ciently to reduce rudder deflection to pro- 
duce sideslip effects grossly consistent with 

tl... .....l... ..„.l — .... I i... 




sr*: 


ii with the < 


R8&” 


would also tend to result in the nose rigl 
sideslip indicated by the flight recorder ai 

der input with power asymmetry and o[ 
posite aileron still applied. Cutoff of til 
remaining two engines shortly afterwar 


The Board therefore concludes that a 
throttled rudder control valve malfunction 
could have been the initiating abnormality 
which resulted in the accident. 

• Malfunction of the rudder servo unit: 
The point at which the rudder servo con- 
nects to the rudder control sy stem is men- 
tioned in the preceding section concerning 
the rudder boost system. The method in 
which the rudder sen'll operates is discussed 
in detail in the Investigation section. Ilovv- 

ilic sen-o motor drives a * cable pulley 
through a clutch which limits the force au- 
thority of the servo. Since the cables from 

piadr.int. control forces from the 
iduce exactly the same effects as 
ler pedals. 




asymmetric thrust after a delay of aboul 
seconds, as indicated hv the cessation in 
sideslip increase from time 1008:19 to 
1003:22 in the American Airline anahsis 
for 50% thrust reduction. 

Reasonable Delay 
Such a delay in applying thrust asymmetry 
c first attempts to take corrective 

ictivc. The increasing sideslip after 
18:22 could then result from the inereas- 
, rudder displacement caused by the un- 
tied control valve, and after about time 
ral control cf- 
fectivity as the sving angle of attack in- 
creased. With maximum aileron effort hang 
applied and nose high stabilizer trim cor- 
responding to that at crash impact, it ap- 
pears possible that the pitch-up indicated 
by the acceleration trace could have resulted 
from an entirely unintentional small change 
of the elevator control force as a direct result 
of the high aileron control forces being ap- 
plied. as the pilot concentrated with great 
physical effort on lateral recovery. 

Carrying this possible sequence still fur- 
iliont 1008:22 


100 


shorting between the proper ends of the 
damaged rate generator leads. By reference 
to the chart, this appears likely to have oc- 
curred at time 1008:12, where the recorded 
altitude and airspeed indicate the start of an 
abnormality. Shorting at this time could 
have been brought about by the inherent 
tendency of severed leads to untwist from a 
twisted bundle, as well as by the loosening 
of the loop around the rate generator case 
as a result of the wire separations which 
makes shifting due to vibratory loads much 
more likely. 

Deflection Rate 

It has been established that shorted rate 
generator leads tan produce a maximum 
rudder deflection of S deg. in S sec,, which 
in turn results in a roll to 56 deg. in 51 sec., 
starting from a 50-deg. bank at 210 kt. IAS. 


reaching 


the aft 

equal cable loads fro 
I lowever. the dutch m me servo unit is so 
designed as to permit overpowering of the 
servo by application of pilot forces to the 
rudder pedals in the event of any probable 
malfunction, including false electrical sig- 
nals. The American Airlines "07 checklist 
specifies engagement of the yaw damper, of 
which the rudder servo is a component, 
shortly after takeoff. The heading trace 
shown in the flight recorder chart changes 
from a wavering line to a straight line at 
1007:28. suggesting yaw damper engage- 

Wire Damage 

Tile investigation disclosed only one in- 
stance of miairworthmess of N 7506A at 
the time of the accident: that of the wire 
damage to the rudder servo unit. As previ- 
ously indicated, the nature and protected 
location of the wire damage precludes the 
possibility of such damage having occurred 
at impact. Hie additional fact that numer- 
ous servo units were found on the assembly 
•line with similar damage and markings is 
considered to be conclusive evidence that 
the damage to the rudder servo unit of 
X 7506A was initiated by assembly or main- 
tenance operations. Following the original 
damage it is believed that tensile strain in 
the securing of the wire bundle caused wires 
that were damaged but not completely 
severed to be necked down and weakened 
to the extent that vibration and other dis- 
turbances over a period of time caused their 

"I he severed wire ends disclosed no evi- 
dence of melting or deposits characteristic 
of arcing: however, the low voltages and 
high impedances involved would not pro- 
duce an are of sufficient intensity to create 

Flight tests have demonstrated that sepa- 
ration of the w ires without shorting results 


Furthermore, 
rile pflot is not i 

wliat corrective action lie 
perimenting to produce the desired ri 
In addition, when considering the operating 
conditions of blight One. there w 
cral distracting influence 
procedures, radio 


; under which conditions 
nfronted with the ncccs- 
lic malfunction, deciding 
11 take, and cst- 




lack o! 


tXT- 

iual horizon 
sc-high atti- 


assume that under the operating conditions 
of Flight One at this time the pilot. Con- 
fronted with an unexpected roll, would 



perceptible to 
under consider 
lions therefore 
Flight One 


ild have occurred during 
Flight One or prior thereto. However, a 
yaw damper hard-over occurs when there is 


being 

of the problem — J ' ~ 

in initiating corrective action. In some cases, 
even after initiation of corrective action the 
dangerously steeped banked attitudes in- 
creased and persisted well beyond flight 
test values before recovery was effected. In 
some instances of yaw damper mismanage- 
ment the crew never properly analyzed the 
difficulty and the flights were completed 
after application of additional lateral con- 
trol such as use of speed brakes, flaps exten- 
sion. etc. There arc some instances wherein 
the crew took adv antage of additional lateral 
control capabilities, recovered to level flight, 
analyzed the difficulty, and then disengaged 
the offending yaw damper. 

Returning to time 1008:12. the beginning 
of the nose left yaw damper hard-over, it 
appears from the flight recorder traces that 
the airplane was in about a 80-deg. bank, 
ii follows then that an unopposed yaw 
crease the 
The first 

opposing 


speed range damper hard-over would rapidly i 
wire separa- bank angle to critical conditions 
reaction of the crew would be ... 
the bank by gradually applying 
control wheel force, probably with 
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Of interest to engineers and scientists 



ADVANCED 
ELECTRONICS PACKAGING 

. . . one of more than 500 R&D programs under way at Douglas 


' Douglas is studying new design techniques 
related to miniature electronic systems that 
must function under conditions more severe 
than any previously encountered. 

These electronic packages must operate 
perfectly at sound levels up to 168 decibels; at 
accelerations up to 120G; and in vacuum envi- 
ronments of less than 10 '° Torr. They must be 
impervious to shock loading of hundreds of G’s. 

Considerable progress has been made toward 
these goals. Great promise is being shown by 
hybrid systems which combine discrete compo- 
nents with integrated circuits. 

Of career interest to engineers and scientists 
Electronics has become a major factor in almost 
every aspect of Douglas missile and space pro- 
grams. Assignments include some of the most 
interesting and advanced work in the communi- 


cations, control and computer fields. By accept- 
ing a position at Douglas, you can be assured of 
the rapid professional advancement your ability 
warrants. 

This applies not only to those qualified in 
electronics, but also to engineers and scientists 
in many of the wide variety of disciplines related 
to aerospace and defense programs. 

Send us your resume or fill out and mail the 
coupon. Within 15 days from the receipt of your 
letter, we will send you specific information on 
opportunities in your field at Douglas. 



MISSILE S SPACE SYSTEMS DIVISION 

I An equal opportunity employer 


Mr. F. V. Edmonds 
Missile and Space Systems Division 
Douglas Aircraft Company 
3000 Ocean Park Boulevard 
Santa Monica, California 

Please send me full information on profes- 
sional opportunities in my field at Douglas. 


ttt 


Senior 

Level 

Positions 

in 


The Corporate Systems Center, UAC’s dynamic 
systems management organization, continues ti 
perience substantially accelerated activity in AD- 
VANCED SYSTEMS RESEARCH. Here, truly, 
is challenge and opportunity for engineers and 
scientists capable of making contributions in the 
exciting areas beyond present state-of-the-art in 
systems engineering. They will be part of a selected 
team where new and unique systems requirements 
and concepts are being generated, analyzed and 
developed to full maturity. 

Our ADVANCED SYSTEMS RESEARCH team 
now has openings in the activities listed below and 
in associated disciplines. While most are for senior 
engineers and scientists with 8 to 10 or more years 
of related experience, we do have some inter- 
mediate positions open. 

Space environmental factors • space ex- 


ADVANCED 

SYSTEMS 

RESEARCH 


WEAPONS SYSTEMS 


PROJECT PLANNING A 




t and plan- 

To investigate our ADVANCED SYSTEMS RE- 
SEARCH openings in complete confidence, you 
are invited to send your resume to Mr. L. W. 
Abbey, UAC Corporate Systems Center, Windsor 
Locks, Connecticut. 



In conjunction with these altitude and 
airspeed trace characteristics, consideration 
of the heading trace indicates the possibility 
of a time mismatch between traces, placing 
the cessation of heading change about one 
second early. Throughout this portion of 
the maneuver the nose-high pitch attitude 
of the airplane was maintained. Because 
of late and inadequate application of lateral 
control the momentarily arrested taw then 
resumed and started an increasing nose left 
slip at time 1008:22. as indicated by the 


Stall Buffet 

At 1008:25 the median acceleration trace 
indicates the start of a rapid increase in load 
factor to 1 .8g‘s at 100S:30. During this rise 
the individual deflections of the acceleration 
trace become higher in frequency than be- 
fore, indicating the start of stall buffet. The 
turbulent airflow over the wing during stall 
buffet further decreases the lateral control 
capability remaining after lock-out of the 
outboard ailerons. 

It is possible that the increasing load fac- 
tor progressing to stall buffet could have 

some or all of the following factors: 

• 'Hie basic malfunction of the rudder con- 

tified.' ,UrbU 

• The difficulty of recognizing, in the initial 
stages, the abnormal attitude of the aircraft 
due to excellent VFR conditions tending to 

hidc^nstrumenh 7 * rcf< ’ rC " Ct ' 

• An attempt to maintain the specified 

flight departure path as evidenced by the 
2,3 nose high elevator trim found in the 

to effect immediate corrective 
action due to possible initial reliance on 
lateral control without application of the 
additional effect of speed brakes or flap ex- 


pric 


tinning yaw d: 
The flight r 
about 1008:35 


concludes that a 
rbnormahtv to have 


Recommendations 

The Board presently has made three rec- 
ommendations to the Administrator of the 
Federal Aviation Agency as a result of this 
accident. The first of these was that an Air- 
worthiness Directive be issued to require a 
one-time inspection of the servo rate genera- 
tor motors on all Eclipse-Pioneer Model 
PB-20D Automatic Flight Control Systems 
for damaged wire bundles, and that the 

satisfactory quality control during manufac- 
ture and overhaul. The second was that an 
Airworthiness Directive be issued to require 
mandatory incorporation of applicable Boe- 
ing Service Bulletins pertaining to replace- 
ment of the Gladden solenoid-operated 
valves in the flight control and hydraulic 
J - - “ if the 

the 



nickel plating tending to co 
hydraulic fluid. The last was 


Investigation 

Tlic Civil Aeronautics Board was notified 
of this accident at approximately 1010 on 
Mar. 1. 1962. Investigators were dispatched 
immediately to the scene to conduct an in- 
vestigation in accordance with the provisions 
of Title 701(a)(2) of the Federal Aviation 
Act of 1958. A public hearing was ordered 
by the Board and held at the International 
Hotel. New York International Airport, 
Jamaica, N.Y., on Mar. 20-23, 1962. The 
investigation was continued until December. 
1962. 

American Airlines, Inc., a Delaware Cor- 
poration with General Offices at 633 Third 


absence of stick shaker stall warning 
o initial stall buffet. 

The continued operation uf a ntalfuuc- 


it recorder traces suggest that at 
)8:33 the yaw damper was disen- 
gaged, accounting for the sharp decrease in 
indicated airspeed characteristic of a nose 
right slip. This leaves sufficient time for 
retarding the Nos. 1 and 2 throttles, with 
resultant reduction of the rpm. to flight idle- 
prior to impact. It appears likely that the 
rudder boost was deactivated shortly prior 
to impact, accounting for the 9 deg. right 
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FIVE-ABREAST! 


for 707’s and Electra’s 

Anticipating the trend to single-class economy 
travel Hardman is already supplying the Hardman Three- 
2 Luxury Seat to airlines going 5-abreast. 

The Hardman Three - 2 Luxury Seat is available new, or 
factory modified from your various Hardman models. 
Tooled for prompt delivery at considerable savings 
in price. 

HARDMAN SEATS 




SO HERSHEIMER 
COMES IN AND 



AND HE SAYS 
WHY? YOU'RE 
GETTING AS MUCH 
AS SIEFRIED 
r J y] AND LUCAS/ 


S 0 I SAID: MONEY! 
WHAT'S MONEY? YOU 
BUSINESSMEN JUST 
PONT UNDERSTAND 



I'M AN ENGINEER 
AND I OUGHT 



I WANT FULFILLMENT 

I WANT TO WORK ON 

* THE SURVEYOR 

AT HUSHES! 

c 




JUST THINK! 
SOMEDAY THERE'LL 
BE A LITTLE 
PIECE OF ME 
ON THE 
MOON! 


^ NO MORE ELECTRONIC 
EGG-TIMERS ! I'LL 

C CTJ BE CONTRIBUTING! 

1 I'LL BE DOING 

/ /YKT7//I SOMETHING SIGNIFICANT! 

I / TV SOMETHING INTER-PLANETARY ! 



BESIDES— 
HUGHES 
IS CLOSER 
TO THE 
BEACH. 




TOTAL CAPABILITY- through UTL Services 
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carrier is shown above. Note wingtip folding system on Etendard. Aircraft elevator is in foreground. 



Etendard is shown seconds before catapulting. Tactical-reconnaissance version of this plane-designated Etendard 4P— is outfitted with 
camera equipment and refueling probe installed in the nose. Etendard is powered by single Sneema Atar 8 developing 9.700-lb. thrust. 
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Etendard is seen during a svaveoff (above). In middle, aircraft— with underwing 
plane is touching down on Focli deck. 


visible— is shown just prior 



Etendard 4M Planned 
For Nuclear Mission 

French are planning to use the Dassault Etendard 4M 
carrier-based strike fighter for nuclear missions as an 
integral part of their independent unclear force- French 
navy has ordered 100 of the Mach 1 aircraft which have 
a strike range of 400 naut. mi. (AW Jan. 14. p. 30). 
Fifteen of these aircraft will be outfitted for tactical- 
reconnaissance missions. Recent test trials were con- 
ducted on the new French light carrier, the Focli. The 
carrier is scheduled to become operational this vear, join- 
ing the carrier Cleincnccau (AW Jan. 7, p. 99). Like the 
C.Ieiuciiceau. the Focli carries a complement of 60 air- 
craft: Dassault Ktendard 4Ms. Brcguct Alizc ASW air- 
craft. and Sud Aviation Aquilon subsonic interceptors. 






PRE 


IMINARY DESIGN ENGINEERS 




— MATCH THIS 
RECORD OF 
ACCOMPLISHMENT... 



. . .at Grumman in the stimulating environment of Preliminary Design. 
Creativity and drive, not necessarily long experience, are the basic 
requirements to expand your horizons and join the team that has 
originated seven new military aircraft, two new commercial air- 
craft. two new satellites, one lunar spacecraft, one supersonic 
missile, and two hydrofoil ship designs in the last seven years for 
which contracts were awarded. 

We are now embarking on the system synthesis, analysis, and 
preliminary design of the 1970-1980 product line which will 
be even more diverse. Tell us where you would like to 
contribute in any of the following areas: 


OPERATIONS ANALYSIS of current and future mil- 
itary, space and commercial-transportation sys- 
tems... cost effectiveness studies... vehicle and 
equipment trending. 

ADVANCED MARINE DESIGN of a broad variety of 
sea-based vehicles and systems • hydrofoils • sub- 
mersibles 1 landing craft ’all aspects from concept- 
ual design to component hardware development. 
MISSILE DESIGN for a new generation of small 
tactical missiles • guidance • airframe • propulsion 
• simulation • prototype hardware development • 
overall system synthesis. 


AIRCRAFT PRELIMINARY DESIGN for a broad 
variety of military and commercial uses; VTOL, 
STOL, GETOL, GEM, amphibious, water-based, 
and supersonic. . .analytical or design layout... 
overall configurations or components. 

SPACE SCIENCES. Exploration of new military 
and scientific manned and unmanned vehicles. . . 
highly analytical systems development... and gen- 
eral configuration optimization... for earth orbit... 
moon landing... and interplanetary devices. 




GRUMMAN 

AIRCRAFT ENGINEERING CORPORATION 
Bethpage - Long Island - New York 

(An Equal Opportunity Employer) 
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MANAGER 

SYSTEMS DESIGN 


STARTING SALARY 
TO §20,000 



‘mS£L 

gSKHSHRS 




SMRSW 

■ ' ' 



ssRprem.sag 




[KINfilIU OPPORTUNITIES 

in aim 

Design and development of a 

with fixed-wing aircraft, helicopter 
and marine applications has cre- 
ated employment opportunities for 
engineers with strong abilities in the 

COMPRESSOR AERODYNAMIC DESIGN 
AND DEVELOPMENT 
PRELIMINARY AND DETAIL MECHAN- 
ICAL DESIGN 






Aircraft Parts Buyer 



mmm 


ENGINEERS • SCIENTISTS 



perimental 
laboratory 
miles long 


...expandable to 
girdle the earth- 
reach 230,000 
miles to the 


beyond 


ENGINEERS and SCIENTISTS LOOKING FOR "BIG-SYSTEM" CHALLENGES 
will find them with PAN AM at the Atlantic Missile Range. 



AVIATION 


III 



Sure we at JPl are elated with the success of our Mariner 2. 
But Venus is just one important way station on the long 
journey through space. There are lots more things to be done: 
Soft moon -landings. Landings on Mars. Jupiter fly-bys. 
Electronic probes of other planets. And more Venus trips. 

Yes, there’s much left to do out there. Much of it will 
continue to be done by the scientists and engineers at 


Caltech's Jet Propulsion laboratory. They think for a living. 
If you do, think of yourself as part of JPL's exciting world 
of other-world exploration. A resume to JPL could make 
you a part of it. 

JET PROPULSION LABORATORY 

f I III 4812 OoL Grove Drive. Pasadena, Californio 
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INVESTIGATE 
ACTION CAREERS IN 


ADVANCED 



SYSTEMS at SIKORSKY 


e are looking for m 


i welcome the demanding challenge of permanent and 
at of further advancing the world's most versatile vehicles 

—Sikorsky VTOL aircraft. 

^ Long a world leader in helicopters, we are expanding strongly into ever-widening areas 

future ahead. What tomorrow may hold can be gained by themany jobs being performed 
by Sikorsky VTOL systems today. This diversity spans: space capsule recovery • 
anti-submarine systems • equipment and personnel transport • rescue missions 

It's a new and exciting era for the airframe engineers who can match their growth to 

HERE ARE SOME OF THE AREAS OF OPPORTUNITY: 

AERODYNAMICS • AIRFRAME DESIGN e AIRCRAFT STRUCTURES 
LOFTING • WEIGHT CONTROL e PRELIMINARY DESIGN 


LIVE A FULL LIFE IN CONNECTICUT 

Stratford, Connecticut, has the things that count for living, working, playing. Here are 
pleasant villages, suburban living, medium-sized cities— and— less than an hour and a 
half's drive by parkway, the center of New York City. It's a lovely area, replete with 
excellent educational facilities— varied cultural activities— and for outdoor fun . . . 
beaches, mountains, ski resorts, golf and yacht clubs. 


ACADEMIC ADVANCEMENT 

Further enhancing an ideal professional environment is the opportunity we offer engi- 
neers to earn advanced degrees through a corporate-financed Graduate Education 
Program. These programs are available at such accredited schools as Yale University, 
Rensselaer Polytechnic Institute (Hartford Graduate Center) and Columbia University. 


L 


You are invited to send your resume in confidence, 
Mr. Leo J. Shalvoy, Personnel Department. 


Sikorsky Aircraft - 


STRATFORD, CONNECTICUT 




ating salary requirements, to 
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We believe in versatile engineers here 
- men with specialties, yes - but 
with broad knowledge in many allied 
areas. Those who have an especially 
strong interest in diversification are 
encouraged to grow into creative sys- 
tems engineering. And the contacts 
between engineering operations and 
laboratory research are close. For 
example, circuit design engineers work 
hand-in-hand with applied physicists 
ing the state of the art in molecular circuitry. An 
stance of the success of this cooperation: Norden's solid 
state servo amplifier, which produces a significant power level of 
1.5 watts. (Work to obtain even higher outputs is underway.) 


TECHNICAL KNOW-HOW 
AT NORDEN 



Climate for Achievement at Norden. 
Engineers and scientists find a work- 
ing atmosphere at Norden that en- 
courages continued learning and 
growth. Here, staff members work on 
problem-solving teams, gaining broad 
exposure to many technical aspects of 
a project. Opportunities for advanced 
study at nearby academic institutions 
re open to qualified engineers under 
graduate program. Unsurpassed test and 
research facilities are available. And Norden's location 
Long Island Sound is outstandingly attractive and 
convenient, easily reached from Northern New Jersey, Westchester, 
New York City, Long Island, and of course, all of Connecticut. 


Opportunities at all technical levels on programs in the areas of submarine, helicopter, fixed wing aircraft and 
space vehicle display integration: 

VIDEO CIRCUITS • CATHODE RAY TUBE DRIVE CIRCUITS • HIGH SPEED ANALOG & DIGITAL PROCESSING • 
VIDEO SIGNAL SYNTHESIS • RADAR & TV SYNCHRONIZERS • HIGH VOLTAGE POWER SUPPLIES 





Norden 


U 

A 


Please toward your resume to Mr. James E. Fitzgerald, 
Employment Dept., Helen Street, Norwalk, Connecticut. 
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“IN-SERVICE” ENGINEERS 
ROME AIR MATERIEL AREA 

(a major component ol Air Force Logistics Command) 


Rome Air Materiel Area has been assigned the mission of providing Ground Com- 
munications-Electronic logistic support to the Air Force. A very vital facet for 
fulfilling this responsibility involves those engineering functions necessary to insure 
the performance integrity of the C-E equipments and systems once they become 
operational. 


TYPICAL RESPONSIBILITIES OF ROAMAs "IN-SERVICE 
ENGINEERS" ARE: 

Modification or rehabilitation of operational 
Ground C&E equipments by correction of de- 
sign deficiencies. 

Development of engineering specifications for 
support of procurement. 

Providing engineering design criteria to in- 
sure maintainability, serviceability and reli- 
ability of operational C&E equipment. 
Performing engineering liaison with AF Con- 
tractors. 

CURRENT AND FUTURE ASSIGNMENTS CREATE 
AN EVER INCREASING DEMAND FOR: 

Electronic Engineers (all disciplines) 
Electrical Engineers 


Mechanical Engineers 
General Engineers 

TO MONITOR AND PERFORM WORK ON VITAL 
PROJECTS IN THE FOLLOWING AREAS: 

Search and Detection Radar 
Missile Guidance and Tracking 
Digital and Analog Computers 
Beacon and Identification Equipments 
ICBM Communications Sub-Systems 
Communications Ancillary Equipments 
Electronics Systems (Warning, Intelligence, 
Command, Support etc) 


We have an immediate and urgent need for Graduate engineers to insure the 
operational readiness of Ground CE systems and equipments. Current demands at 
Rome Air Materiel Area for in-service engineering support are heavy. Increased 
mission responsibilities will entail even heavier demands in the future. 

ROAMAs Directorate of Material Management provides an immediate career 
opportunity for graduate Electronic, Electrical, General and Mechanical Engineers. 
Ground Communications and operational Electronics Systems and Equipments are 
subject to continuous change consistent with advances in the state of the art. 


For more information about 
Air Force civilian career op- 
portunities in “In-Service” 
Engineering submit your re- 
sume’ to: 


Mr. William Pagano 

Professional & Scientific Recruiter 

ROAMA 

Griffiss Air Force Base, 

Rome, New York 



Keep abreast of the continuous scientific advancements as a contributor to the 
engineering accomplishments of the Air Force in the highly specialized fields of 
communications electronics. 
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E with 8 to 10 


LOCKHEED-GEORGIA 

COMPANY 



ON ORDER FROM 

mAsom 

SWITCHING SYSTEMS 
FOR 

RELIABLE 
CIRCUIT CONTROL 

lyiAsorj 

PROVEN CAPABILITY 

that spans the field of flight 




LETTERS 






of nT/Js:— Mr'tlo™ -.aWS 
Hie culprit: Arthur Sylvester. 



Actual width of record is 6 inches 


At Brush 
it’s a 
matter 
of 

record 





. . . and this record speaks for 
oscillograph Series 2300 

recording system design, its unique optical system produces 
these high contrast traces ... at all writing speeds. An ex- 
tremely stable tungsten light source eliminates cluttered 
records caused by ultra-violet "jitter” or RF interference. 
The start-up of this low-cost lamp is virtually instantaneous. 
Overall system linearity is better than 2%. Eight record 
speeds are controlled by pushbuttons. Paper take-up is built- 
in. A complete line of accessories accommodates special re- 
quirements. So now, you can record over the whole range of 
most-used frequencies with Brush systems incorporating all 
the known refinements in oscillography. Write for full details. 


brush 


IN5TRUM 

N OF lO-EVITEl 37'" AND 



JAN. 301963 

&D budget designing test equipment 
when 
you have 
all this 
to 

choose from 

9 

■ 



Series 500 m ultiparameter Semi- 
conductor Tester. Rapid programming, 
automatic direct digital readout. Pulse 
testing. Data logging optional. Can be 
run by relatively unskilled personnel. 

Series 3500 (not pictured). The 
CAPACITRAN for high speed, automatic 
test measurements of capacitors by un- 
skilled personnel. Direct digital readout 
and/or high-low limit programmable 
indication. High accuracy. 



Model 20 Low Current Leakage 
Tester for semiconductors. Fast, easy 
go/no-go operation with pass-reject 
lights or absolute readout. Noise 
shielded for high accuracy. 


Series 900 c ard Programmed 

Semiconductor Data Logger (not pic- 
tured). Up to 24 tests in anyorder. Self- 
checking. Visual digital readout. Test 
results available on punched cards, 
punched tape or automatic typewriter. 




Model 50 Pulsed direct reading 
Beta Tester. Three digit visual display. 
Two seconds maximum per unit with 
2 % accuracy. For economical 100% 
incoming inspection or engineering 
evaluation. Pulse testing. 

Series 100 Diode Sorter and 


Series 200 TransistorSorter(not 

pictured). High speed multiparameter 
testing formanufacturing and incoming 
inspection. Punched card programming. 
Automatic priority sorting. Handles 3600 
diodes or 1500 transistors per hour. 


Fairchild developed these instruments 
for its own use — and to its own man- 
ufacturing standards. Now, with accu- 
racy and reliability proven by extensive 
in-factory application by Fairchild and 
many other customers, they're avail- 
able to you. Write for information on the 
full line of Fairchild test equipment. 


Series 250 Go/no-go tester for 

semiconductors. Allows unskilled 
worker to test up to 900 units per hour 
— 16 variable go/no go tests per unit. 
Pulse testing. Classification chassis for 
priority sorting available. 


FAIRCHILD 


SEMICONDUCTOR 
(I N STR U M E NTATI O N) 

A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
844 CHARLESTON RO . PALO ALTO. CALIF. • OAVENPORT 1-3210 • TWX: PAL AL 137 




